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DESCRIPTION 

OPTICALLY ACTIVE HALOHYDRIN DERIVATIVE AND PROCESS FOR PRODUCING 
OPTICALLY ACTIVE EPOXY ALCOHOL DERIVATIVE FROM THE SAME 

5 

Technical Field 

The present invention relates to a novel process for 
producing an optically active epoxy alcohol derivative that is 
an important intermediate compound for use inmany fields including 

10 pharmaceuticals. In addition, the present invention relates to 
anovel optically active halohydrin derivative that is an important 
intermediate material for synthesizing the epoxy alcohol 
derivative. Furthermore, the present invention relates to a 
process for producing an intermediate for a triazole antifungal 

15 agent by allowing an optically active halohydrin to react with 
a triazole sulfonamide. 

Background Art. 

It has been known that 
20 2-aryl-3-methyl-2- [ (1H-1 , 2 , 4-triazol-l-yl) methyl] oxirane 
compounds and 

2-aryl-3 -methyl-1- (1H-1, 2 , 4-triazol-l-yl) -2 , 4 -butanediol 
compounds, in particular, the compounds in each of which the aryl 
group at the 2 -position is 2 , 4 -dif luorophenyl group or 
25 2 , 5-dif luorophenyl group are important intermediates for 
triazole antifungal agents (Japanese Unexamined Patent 
Application Publication Nos . 2-191262, 3-128338, 10-306079, and 
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8-165263 and US 6,300,353) . 

Examples of processes for producing a 
2-aryl-3-methyl-2- [ (1H-1, 2 , 4-triazol-l-yl) methyl] oxirane 
compound include: 
5 (1) a production process including 3 steps using 

stereoselective osmium oxidation of an optically active allyl 
chloride derivative as a key reaction, the allyl chloride 
derivative being prepared through 4 steps from L- lactic acid and 
1 , 3-dif luorobenzene (Japanese Unexamined Patent Application 
10 Publication No. 2-191262) ; 

(2) a production process including a stereoselective 
addition reaction of a Grignard reagent to an optically active 
oc-keto alcohol derivative and further 3 to 9 steps, the a-keto 
alcohol derivative being prepared through 6 steps from L- lactic 

15 acid and 1, 3-dif luorobenzene (Japanese Unexamined Patent 
Application Publication Nos . 2-191262 and 10-212287); 

(3) a production process including stereoselective 
epoxidation of an optically active a-keto alcohol derivative and 
further 3 steps, the a-keto alcohol derivative being prepared 

20 through 3 steps from D- lactic acid (Japanese Unexamined Patent 
Application Publication No. 10-306079 and US 6,300,353); and 

(4) a production process including asymmetric oxidation 
of an allyl alcohol derivative as a key reaction and further 2 
steps , the allyl alcohol derivative being prepared through 7 steps 

25 from chloroacetic chloride and 1 , 3 -dif luorobenzene , the 

asymmetric oxidation being developedby Sharpless et al . (Synlett , 
1110-1112, 1995) . 
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A 2-aryl-3 -methyl-1- (1H-1, 2 , 4-triazol-l-yl) -2 , 4-butanediol 
compound is prepared by stereoselective dihydroxylation of a 
3 -aryl-4 -butene-4 -alkoxy-l-butene compound as a key reaction and 
further 3 steps, the 3 - aryl - 4 - butene - 4 - alkoxy - 1 - but ene compound 
5 being prepared through 5 steps from an optically active 

3 -hydroxy-2 -methylpropionate compound (Japanese Unexamined 
Patent Application Publication No. 8-165263) . 

Al, 2 -epoxy-2 -arylbutan-3 -ol , whichis an optically active 
1,2-epoxy alcohol, used as an important material for the 

10 above-described 

2 - aryl - 3 -methyl - 2 - [ ( 1H- 1 , 2 , 4 - 1 riazol - 1 -yl ) methyl ] oxirane 
intermediate is produced by a known process of stereoselectively 
oxidizing an allyl alcohol derivative using tert-butyl 
hydroperoxide in the presence of a metal catalyst, the allyl 

15 alcohol derivative being prepared through at least 4 steps from 
L- lactic acid and an aromatic compound (Japanese Unexamined Patent 
Application Publication No. 2-191262). 

However, a process for producing a 
(2R, 3S) -2 -aryl -3 -methyl-1- (1H-1, 2 , 4 - triazol - 1 -yl ) -2 , 4 -butane 

20 diol has problems with safety and cost because an osmium oxide 
and dicyclohexylcarbodiimide that are known expensive and highly 
toxic must be used. Furthermore, the process requires 9 steps 
starting from an easily available material. That is, there has 
been no simple process. 

25 The process for producing the optically active 1,2-epoxy 

alcohol must use a peracid as an oxidant, thus disadvantageously 
resulting in difficulty in mass production in view of industrial 



safety. Furthermore, the oxidation is a diastereoselective 
reaction induced by hydroxy group attached to an asymmetric carbon 
originated from L- lactic acid. Although there are 2 types of 
diastereomers ( threo-diastereomer and erythro-diastereomer ) , a 
compound that can be produced by the process is only the 
erythro-diastereomer. Therefore, to obtain the 
threo-diastereomer required for producing an intermediate for 
a triazole antifungal agent, further 2 steps are required to 
convert the erythro-diastereomer into the threo-diastereomer of 
the optically active epoxy alcohol. 

The above-described known processes for producing the 
2 -aryl-3 -methyl -2 - [ ( 1H- 1 , 2 , 4 - triazol- 1-yl) methyl] oxirane 
compound serving as an intermediate for a triazole antifungal 
agent have many industrial practical problems as described below: 
in process (1) , an osmium oxide, which is expensive and highly 
toxic, must be used; in process (2) , an osmium oxide must be used 
as in process (1) , and 10 to 15 steps are required starting from 
a commercially available material; in process (3) , a 
diastereomeric oxirane compound is prepared by the 
stereoselective epoxidation of an optically active a-keto alcohol 
derivative, but column chromatography is used for purifying the 
resulting diastereomer ; and in process (4), the Sharpless 
asymmetric oxidation must use tert -butyl hydroperoxide, which 
is a peracid, as an oxygen source. 

Disclosure of Invention 

With respect to a process for producing an optically active 
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epoxy alcohol derivative, which is an important intermediate in 
the pharmaceutical field or the like, in view of the 
above-described problems of the known processes, the present 
inventors have conducted intensive studies on a process that can 
5 be safely operated even in mass production using only a material 
and an agent that are easy to handle industrially and available 
inexpensively. As a result, the present inventors have developed 
a novel process of subjecting an optically active haloketone 
derivative that can be efficiently prepared through 2 steps from 

10 an optically active lactate to highly stereoselective addition 
reaction with an aryl -metal compound to prepare a structurally 
novel optically active halohydrin derivative, and subsequently 
performing 1 or 2 steps to produce an opt ically act ive epoxy alcohol 
derivative. The stereoselectivity in the addition reaction of 

15 the aryl -metal compound to the haloketone derivative can be 
controlled by changing a substituent at the a-position of the 
haloketone derivative. That is, the production process can 
produce any desired diastereomer of the optically active 
halohydrin derivative and is thus widely applicable . Furthermore , 

20 by using a haloketone derivative having one more carbon atom than 
the number of carbon atoms in the above-described haloketone 
derivative, the production process is more widely applicable. 

The epoxy alcohol is allowed to react with triazole to 
produce a 

25 2-aryl-3-methyl-2- [ (1H-1, 2 , 4-triazol-l-yl) methyl] oxirane 

serving as an intermediate for a triazole antifungal agent. 
Similarly, an epoxy alcohol obtained from the haloketone 
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derivative having one more carbon atom is also allowed to react 
with triazole to produce 

2 -aryl-3 -methyl- 1- (1H-1, 2, 4-triazol-l-yl) -2 , 4-butanediol 
serving as a useful intermediate for a triazole antifungal agent . 
5 Furthermore, a process for producing a 

2-aryl-3-methyl-2- [ (1H-1 , 2 , 4-triazol-l-yl) methyl] oxirane 
serving as an intermediate for a triazole antifungal agent in 
one step of allowing an optically active halohydrin that can be 
prepared in the present invention to react with triazole 
10 sulfonamide was also developed. 

The present invention can be widely applied to produce 
various known intermediates for triazole antifungal agents and 
is thus useful. 

That is, the present invention relates to a process for 
15 producing an optically active epoxy alcohol derivative 
represented by general formula (14) : 




(wherein Ar 2 represents a substituted or unsubstituted aryl group 
having 6 to 2 0 carbon atoms; and each of *5 and *6 represents 
20 an asymmetric carbon) , the process including sub j ecting a compound 
represented by general formula (6) : 
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(wherein X 2 represents a halogen atom; R 3 represents hydrogen, 
a substituted or unsubstituted alkyl group having 1 to 18 carbon 
atoms, a substituted or unsubstituted aryl group having 6 to 2 0 
5 carbon atoms , a substituted or unsubstituted aralkyl group having 
7 to 2 0 carbon atoms, a substituted or unsubstituted silyl group, 
a substituted or unsubstituted acyl group having 1 to 2 0 carbon 
atoms, or a substituted or unsubstituted heterocycle; Ar 2 is the 
same as above; and each of *3 and *4 represents an asymmetric 
10 carbon) to at least one treatment selected from acid treatment, 
fluorine compound treatment, and hydrogenolysis to prepare an 
optically active halo diol derivative represented by general 
formula ( 13 ) : 




15 (wherein X 2 , Ar 2 , *3, and * 4 are the same as above) , and then treating 
the resulting halo diol derivative with a base; or the process 
including treating the compound represented by general formula 
(6) with a base. 

The present invention also relates to a process for 

20 producing an optically active halohydrin derivative represented 
by said general formula (6), the process including allowing an 
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optically active haloketone derivative represented by general 
formula (4 ) : 




* 3 



X 2 



OR 3 



(4) 



O 



(wherein X 2 , R 3 , and *3 are the same as above) to react with a 
compound represented by general formula (5) : 



(wherein Ar 2 is the same as above; and M 2 represents an alkali 
metal or a halogenated alkaline-earth metal) . 



producing an optically active halo diol derivative represented 
by said general formula (13) , the process including subjecting 
a compound represented by general formula (6a) : 



(wherein X 2 , Ar 2 , *3, and *4 are the same as above; and R 9 represents 
a substituted or unsubst ituted alkyl group having 1 to 18 carbon 
atoms, a substituted or unsubst ituted aryl group having 6 to 20 
carbon atoms , a substituted or unsubstituted aralkyl group having 
7 to 20 carbon atoms, a substituted or unsubstituted silyl group, 
or a substituted or unsubstituted heterocycle) to at least one 
treatment selected from acid treatment, fluorine compound 
treatment, and hydrogenolysis . 



Ar 2 M 2 



(5) 



The present invention also relates to a process for 




(6a) 



The present invention also relates to a process for 
producing an optically active epoxide derivative represented by 
general formula (16) : 



< 



N 



N 




(16) 



(wherein Ar 2 is the same as above; and each of *7 and *8 represents 
an asymmetric carbon) , the process including allowing an optically 
active halo diol derivative represented by said general formula 
(13) to react with a compound represented by general formula (15) : 



(wherein R 11 represents a substituted or unsubst ituted alkyl group 
having 1 to 18 carbon atoms, a substituted or unsubst ituted aryl 
group having 6 to 2 0 carbon atoms , or a substituted or unsubst ituted 
aralkyl group having 7 to 2 0 carbon atoms) . 

The present invention also relates to a process for 
producing a compound represented by general formula (17) : 



(wherein Ar 2 is the same as above; and each of *9, and *10 represents 
an asymmetric carbon) , the process including sub j ecting a compound 






(17) 



10 



represented by general formula (19) 




(19) 



(wherein X 2 , R 3 , Ar 2 , *9 and *10 are the same as aboves) to at 
least one treatment selected from acid treatment, fluorine 
compound treatment, and hydrogenolysis to prepare an optically 
active halo diol derivative represented by general formula (20) : 




OH 



(20) 



(wherein X 2 , Ar 2 , *9, and *10 are the same as above), and then 
treating the resulting diol derivative with a base ; or the process 
including treating the compound represiented by general formula 

(19) with a base. 

The present invention also relates to a process for 
producing an optically active halohydrin derivative represented 
by said general formula (19) , the process including allowing an 
optically active haloketone derivative represented by general 
formula (21) : 




(21) 



(wherein X 2 , R 3 , and *9 are the same as above) to react with the 



11 

compound represented by said general formula (5) . 

The present invention also relates to a process for 

producing an optically active halo diol derivative represented 

i 

by said general formula (20) , the process including subjecting 
a compound represented by general formula (19a) : 




(19a) 



(wherein X 2 , Ar 2 , R 9 , *9, and *10 are the same as above) to at 
least one treatment selected from acid treatment, fluorine 
compound treatment, and hydrogeno lysis . 

The present invention also relates to a process for 
producing an optically active hydroxy compound represented by 
general formula (12) : 




(wherein Y represents a halogen atom or a substituted or 
unsubstituted heterocycle; Ar 2 is the same as above; each of *3 
and *4 represents an asymmetric carbon; and Z represents general 
formula (8 ) : 

-O-R 4 (8) 

[wherein R 4 represents hydrogen, a substituted or unsubstituted 
alkyl group having 1 to 18 carbon atoms, a substituted or 
unsubstituted aryl group having 6 to 20 carbon atoms , a substituted 
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or unsubstituted aralkyl group having 7 to 2 0 carbon atoms, a 
substituted or unsubstituted silyl group, a substituted or 
unsubstituted acyl group having 1 to 2 0 carbon atoms, or a 
substituted or unsubstituted heterocycle] , general formula (9) : 




[wherein R 5 and R 6 independently represent hydrogen, a substituted 
or unsubstituted alkyl group having 1 to 18 carbon atoms, a 
substituted or unsubstituted aryl group having 6 to 20 carbon 
atoms, a substituted or unsubstituted aralkyl group having 7 to 

10 20 carbon atoms, a substituted or unsubstituted silyl group, a 
substituted or unsubstituted acyl group having 1 to 2 0 carbon 
atoms, a substituted or unsubstituted alkyloxycarbonyl group 
having 1 to 18 carbon atoms, a substituted or unsubstituted 
aralkyloxycarbonyl group having 7 to 2 0 carbon atoms, or a 

15 substituted or unsubstituted aryloxycarbonyl group having 6 to 
2 0 carbon atoms] , general formula (10) : 

-SO n -R 7 (10) 

[wherein R 7 represents hydrogen, a substituted or unsubstituted 
alkyl group having 1 to 18 carbon atoms, a substituted or 
20 unsubstituted aryl group having 6 to 2 0 carbon atoms, or a 

substituted or unsubstituted aralkyl group having 7 to 2 0 carbon 
atoms; and n represents an integer of 0 to 2] , or general formula 

(11) : 

-CH 2 OR 8 (11) 

25 [wherein R 8 represents hydrogen, a substituted or unsubstituted 
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alkyl group having 1 to 18 carbon atoms, a substituted or 
unsubst ituted aryl group having 6 to 2 0 carbon atoms , a substituted 
or unsubstituted aralkyl group having 7 to 2 0 carbon atoms, a 
substituted or unsubstituted silyl group, a substituted or 
unsubstituted acyl group having 1 to 20 carbon atoms, or a 
substituted or unsubstituted heterocycle] ) , the process 
including allowing a compound represented by general formula (7) : 



(7) 




(wherein Y, Z, and *3 are the same as above) to react with the 
compound represented by said general formula (5) . 

The present invention also relates to an optically active 
halohydrin derivative represented by general formula (1) : 




OR 



(1) 



HO Ar 



(whereinX 1 represents a halogen atom; Ar 1 represents a substituted 
or unsubstituted aryl group having 6 to 2 0 carbon atoms; R 1 
represents hydrogen, a substituted or unsubstituted alkyl group 
having 1 to 18 carbon atoms, a substituted or unsubstituted aryl 
group having 6 to 20 carbon atoms, a substituted or unsubstituted 
aralkyl group having 7 to 2 0 carbon atoms, a substituted or 
unsubstituted silyl group, a substituted or unsubstituted acyl 
group having 1 to 2 0 carbon atoms , or a substituted or unsubstituted 
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heterocycle; and each of *1 and *2 represents an asymmetric 
carbon) . 

The present invention also relates to an optically active 
halohydrin derivative represented by general formula (22) : 




(wherein each of X 1 , X 3 , and X 4 represents a halogen atom; R 12 
represents hydrogen, a substituted or unsubst ituted alkyl group 
having 1 to 18 carbon atoms, a substituted or unsubst ituted aryl 
group having 6 to 20 carbon atoms, a substituted or unsubstituted 
10 aralkyl group having 8 to 2 0 carbon atoms, a substituted or 

unsubstituted silyl group, or an aliphatic acyl group; and each 
of *11 and *12 represents an asymmetric carbon) . 

The present invention also relates to an optically active 
halohydrin derivative represented by general formula (23) : 




(wherein each of X 1 , X 5 , and X 6 represents a halogen atom; R 13 
represents hydrogen, a substituted or unsubstituted alkyl group 
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having 1 to 18 carbon atoms, a substituted or unsubst ituted aryl 
group having 6 to 20 carbon atoms, a substituted or unsubstituted 
aralkyl group having 7 to 2 0 carbon atoms, a substituted or 
unsubstituted silyl group, a substituted or unsubstituted acyl 
5 group having 1 to 2 0 carbon atoms , or a substituted or unsubstituted 
heterocycle; and each of *13 and *14 represents an asymmetric 
carbon) . 

Best Mode for Carrying Out the Invention 
10 A step of producing a haloketone derivative represented 

by general formula (4) : 



(4) 



will be described. The step includes allowing apropionate compound 
represented by general formula (2) : 
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FTOOC 




(2) 



OR" 



to react with an enolate which is prepared by reaction of a 
haloacetic acid derivative represented by general formula (3) 



COOM 



(3) 



with a base, and then subjecting the resulting compound to acid 
20 treatment. 

A commercially available L-lactate or D-lactate may be 
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directly used as the propionate derivative (2) used in this step. 
Alternatively, according to need, an L-lactate or D-lactate in 
which the hydroxy group is replaced with a substituent by a general 
method known as a typical technique (for example, a method 
5 described in Protective Groups in Organic Synthesis, third 
edition) may also be used. 

In the formula, R 2 represents an alkyl group, an aryl group, 
or an aralkyl group. Individual groups will be described. The 
number of carbon atoms described in this specification does not 

10 include the number of carbon atoms in a substituent. 

Examples of the alkyl group include substituted or 
unsubstituted alkyl groups having 1 to 18 carbon atoms , for example , 
methyl group, ethyl group, n-propyl group, isopropyl group, 
n-butyl group, isobutyl group , sec -butyl group, tert -butyl group , 

15 n-pentyl group, isopentyl group, and n-hexyl group. Examples 
of the aryl group include substituted or unsubstituted aryl groups 
having 6 to 2 0 carbon atoms, for example, phenyl group, 1-naphthyl 
group, 2-naphthyl group, 4 -methylphenyl group, 3 -methylphenyl 
group, 2 -methylphenyl group, 4 -ethylphenyl group, 3 -ethylphenyl 

20 group, 4 -methoxyphenyl group, 3 -methoxyphenyl group, 

2-methoxyphenyl group, 4 -nitrophenyl group , 4 -phenylphenyl group , 
4 -chlorophenyl group, and 4 -bromophenyl group. Examples of the 
aralkyl group include substituted or unsubstituted aralkyl groups 
having 7 to 2 0 carbon atoms, for example, benzyl group, 

25 4 -methylbenzyl group, 3 -methylbenzyl group , 2 -methylbenzyl group , 
4 -methoxybenzyl group, 3 -methoxybenzyl group, 2 -methoxybenzyl 
group, 1-phenylethyl group, 2 -phenylethyl group, 
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1 - ( 4 -me thylpheny 1 ) ethyl group , 1 - ( 4 -me t hoxyphenyl ) ethyl group , 

3 - phenylpropyl group, and 2 -phenylpropyl group. Among these, 
an alkyl group is preferable, and methyl group or ethyl group 
is more preferable. 

5 R 3 represents hydrogen, an alkyl group, an aryl group, 

an aralkyl group, a silyl group, an acyl group, or a heterocycle. 
Examples of the alkyl group include substituted or unsubst ituted 
alkyl groups having 1 to 18 carbon atoms, for example, methyl 
group, ethyl group, n-propyl group , isopropyl group , n-butyl group , 
10 isobutyl group , sec -butyl group , tert -butyl group, n-pentyl group , 
isopentyl group, and n-hexyl group. Examples of the aryl group 
include substituted or unsubst ituted aryl groups having 6 to 20 
carbon atoms, for example, phenyl group, 1-naphthyl group, 

2- naphthyl group, 4 -methylphenyl group, 3 -methylphenyl group, 
15 2 -methylphenyl group , 4 -ethylphenyl group , 3 -ethylphenyl group , 

4 - met hoxyphenyl group, 3 -methoxyphenyl group, 2 -methoxyphenyl 
group, 4-nitrophenyl group, 4 -phenylphenyl group , 4 -chlorophenyl 
group, and 4 -bromophenyl group. Examples of the aralkyl group 
include substituted or unsubstituted aralkyl groups having 7 to 

20 2 0 carbon atoms , for example, benzyl group, 4 -methylbenzyl group, 

3 - methylbenzyl group, 2 -methylbenzyl group, 4 -methoxybenzyl 
group, 3 -methoxybenzyl group, 2 -methoxybenzyl group, 
1-phenylethyl group, 2 -phenylethyl group, 

1- (4 -methylphenyl) ethyl group, 1- (4 -methoxyphenyl ) ethyl group, 
25 3 -phenylpropyl group, and 2 -phenylpropyl group. The silyl group 
represents a silyl group in which 0 to 3 groups independently 
selected from a substituted or unsubstituted alkyl group having 
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1 to 18 carbon atoms, a substituted or unsubst ituted aryl group 
having 6 to 20 carbon atoms, and a substituted or unsubst ituted 
aralkyl group having 7 to 2 0 carbon atoms are bonded to silicon. 
Examples of the alkyl group, the aryl group, and the aralkyl group 
5 include the respective groups described above . Specific examples 
of the silyl group include trimethylsilyl group, triethylsilyl 
group, tripropylsilyl group, triisopropylsilyl group, . 
tert - butyldime thy 1 silyl group, dimethylphenylsilyl group , 
ethyldimethylsilyl group , dimethylpropylsilyl group , 

10 dimethylisopropylsilyl group, and triphenylsilyl group. 

Examples of the acyl group include substituted or unsubstituted 
acyl groups having 1 to 2 0 carbon atoms, for example, acetyl group, 
ethylcarbonyl group, propylcarbonyl group, isopropylcarbonyl 
group, butylcarbonyl group, isobutylcarbonyl group, 

15 sec -butylcarbonyl group, pivaloyl group, pentylcarbonyl group, 
isopentylcarbonyl group, benzoyl group, 4 -methylphenylbenzoyl 
group, and 4 -methoxybenzoyl group. Examples of the heterocycle 
include tetrahydropyranyl group, tetrahydrof uranyl group, 
tetrahydrothiopyranyl group, 4 -methoxytetrahydropyranyl group, 

20 and 1 , 4 -dioxan-2 -yl group. Among these, a silyl group, an acyl 
group, or a heterocycle is preferable. Tert-butyldimethylsilyl 
group is more preferable as the silyl group. Pivaloyl group is 
more preferable as the acyl group. Tetrahydropyranyl group is 
more preferable as the heterocycle. Pivaloyl group is 

25 particularly preferable. 

The asymmetric carbon represented by *3 may have the R 
absolute configuration or S absolute configuration but preferably 
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has R configuration. 

In formula (3), X 2 represents a halogen atom. Examples 
thereof include a fluorine atom, a chlorine atom, a bromine atom, 
and an iodine atom . A chlorine atom or a bromine atom is preferable . 
A chlorine atom is more preferable. 

In formula (3) , M 1 represents hydrogen, an alkali metal, 
or a halogenated alkaline -earthmetal . Examples thereof include , 
but are not limited to, hydrogen, lithium, sodium, potassium, 
chloromagnesium, bromomagnesium, and chlorocalcium. Sodium or 
chloromagnesium is preferable. Sodium is more preferable. 

Accordingly, preferable examples of the haloacetic acid 
derivative (3) include sodium chloroacetate and sodium 
bromoacetate . 

The amount of the haloacetic acid derivative (3) used is 
1 to 10 molar equivalents and preferably 1 to 3 molar equivalents 
relative to the propionate derivative (2). 

Examples of the base used in generating the enolate from 
the haloacetic acid derivative (3) include, but are not 
particularly limited to, metal amides, such as lithium amide, 
sodium amide, lithium diisopropylamide , chloromagnesium 
diisopropylamide , bromomagnesium diisopropylamide, and 
chloromagnesium dicyclohexylamide ; alkyl metals, such as 
methyllithium, n-butyllithium, methylmagnesium bromide, 
isopropylmagnesium chloride, and tert -butylmagnesium chloride; 
metal alkoxides, such as sodium methoxide, magnesium ethoxide, 
and potassium tert -butoxide ; and metal hydride, such as lithium 
hydride, sodium hydride , potassium hydride , and calcium hydride . 
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Among these, tert-butylmagnesium chloride is preferable. 

The amount of the base used is 1 to 10 molar equivalents 
and preferably 2 to 5 molar equivalents relative to the propionate 
derivative (2 ) . 

5 In this step, the presence of an amine in addition to the 

base when allowing the enolate (3) to react with the propionate 
derivative (2) may increase yield. 

The amine is not particularly limited but is preferably 
a tertiary amine. Examples thereof include alkylamines, such 

10 as triethylamine , tributylamine , diisopropylethylamine , 

trioctylamine , N-methylmorpholine , N-methylpyrrolidine , and 
N-methylpiperidine ; arylamines, such as dimethylaniline and 
diethylaniline ; and aromatic amines, such as pyridine and 
quinoline. Triethylamine is more preferable. 

15 The amount of the amine used is 1 to 5 molar equivalents 

and preferably 1 to 3 molar equivalents relative to the propionate 
derivative (2) . 

In this step, the haloacetic acid derivative (3), the base, 
the propionate derivative (2) , and the amine may be mixed in any 

20 order. For example, by adding dropwise a base solution into a 
mixed solution of the haloacetic acid derivative (3) , the 
propionate derivative (2) , and the amine, the preparation of the 
enolate and the reaction of the enolate with the propionate 
derivative (2) can be performed at the same time. 

25 A reaction solvent used in this step is not particularly 

limited. When a metal amide or an alkali metal salt is used as 
the base, an aprotic solvent is preferably used. Examples of 
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the aprotic solvent include hydrocarbon solvents, such as benzene, 
toluene, n-hexane, and cyclohexane; ether solvents, such as 
diethyl ether, tetrahydrof uran (THF) , 1,4-dioxane, tert-butyl 
methyl ether, dimethoxyethane , and ethylene glycol dimethyl 
5 ether; halogenated solvents, such as methylene chloride, 

chloroform, and 1 , 1 , 1- trichloroethane ; and amide solvents , such 
as N, N-dimethylf ormamide (DMF) andN-methyl-2-pyrrolidone (NMP) . 
THF is preferable. These may be used alone or in combination 
of two or more. 

10 The reaction temperature is usually within the range of 

-100°C to 120°C. A preferable reaction temperature varies 
depending on the types of base and solvent used but is within 
the range of -20°C to 60°C. 

In this step, after the completion of the reaction of the 

15 compound (2) and the enolate, acid treatment is performed to 
produce a compound represented by said general formula (4) . An 
acid used in the acid treatment should be a general inorganic 
acid or organic acid. Examples thereof include, but are not 
particularly limited to, hydrochloric acid, sulfuric acid, nitric 

20 acid, acetic acid, and citric acid. 

The temperature at which the acid treatment is performed 
is not particularly limited but is suitably in the range of -20°C 
to 60 °C. The amount of the acid used is 1 molar equivalent to 
100 molar equivalents, preferably 1 molar equivalent to 50 molar 

25 equivalents, and more preferably 1 molar equivalent to 2 0 molar 
equivalents relative to the base. 

After the reaction in this step, the product represented 
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by said general formula (4) can be obtained by extraction with 
an organic solvent, such as ethyl acetate, ether, hexane, or 
toluene. According to need, the product can be purified and 
isolated by chromatography, crystallization, distillation, or 
5 the like. Alternatively, the product may be subjected to a next 
step without purification. 

A step of producing an optically active halohydrin 
derivative represented by general formula (6) : 




10 by allowing the haloketone derivative represented by said general 
formula (4) to react with a compound represented by general formula 
(5) : 

Ar 2 M 2 (5) 
will be described below. 

15 In formulae (4) and (6) , R 3 , X 2 , and *3 are the same as 

above, and *4 represents an asymmetric carbon. 

In formula (5) , Ar 2 represents a substituted or 
unsubstituted aryl group having 6 to 20 carbon atoms. Examples 
thereof include phenyl group, 1-naphthyl group, 2-naphthyl group, 

20 4 -methylphenyl group, 3 -methylphenyl group , 2 -methylphenyl group , 
4-ethylphenyl group, 3 -ethylphenyl group , 4 -methoxyphenyl group , 
3 -methoxyphenyl group, 2 -methoxyphenyl group, 4 -nitrophenyl 
group, 3 -nitrophenyl group, 2 -nitrophenyl group , 4 -phenylphenyl 
group, 4-chlorophenyl group, 4 -bromophenyl group , 4 - f luorophenyl 



23 

group, 3 -f luorophenyl group, 2 -f luorophenyl group, 
2 , 3 - di f luorophenyl group , 2 , 4 - di f luorophenyl group , 
2 , 5-dif luorophenyl group, 3 , 4 -dif luorophenyl group, 

2 . 3 - dime thy lphenyl group, 2 , 4 -dime thy lphenyl group, and 
5 3 , 4 -dimethylphenyl group. 4 - f luorophenyl group, 

3 -f luorophenyl group, 2 - f luorophenyl group, 2 , 3 -dif luorophenyl 
group, 2 , 4 -dif luorophenyl group, 2 , 5 -dif luorophenyl group, or 

3 . 4 - dif luorophenyl group is preferable. 2 , 4 -dif luorophenyl 
group or 2 , 5 -dif luorophenyl group is more preferable. 

10 M 2 represents an alkali metal or a halogenated 

alkaline-earth metal. Specific examples thereof include, but 
are not limited to , lithium, sodium, potassium, chloromagnesium, 
bromomagnesium, and chlorocalcium . Lithium, chloromagnesium, 
or bromomagnesium is preferable. Chloromagnesium or 

15 bromomagnesium is more preferable. 

The compound (5) is commercially available. 
Alternatively, the compound (5) can be prepared by a known method 
(for example, Tetrahedron Letters, 42, 3331, 2001) from the 
corresponding aromatic halide and either the corresponding metal 

20 or metal compound. The amount of the compound (5) used is 0.5 
to 5.0 molar equivalents and preferably 1.0 to 3.0 molar 
equivalents relative to the haloketone compound (4). 

The reaction temperature is usually within the range of 
-100°C to 50°C. A preferable reaction temperature varies 

25 depending on the type of a solvent described below but is preferably 
-20°C to 30°C. 

The reaction time varies depending on the reaction 
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temperature but is usually 0.5 to 36 hours and preferably 1.0 
to 24 hours. 

A reaction solvent used in this step is not particularly 
limited but is preferably an aprotic solvent. Examples of the 
5 aprotic solvent include hydrocarbon solvents, such as benzene, 
toluene, n-hexane, and cyclohexane; ether solvents, such as 
diethyl ether, tetrahydrof uran (THF) , 1,4-dioxane, tert-butyl 
methyl ether, dimethoxyethane , and ethylene glycol dimethyl 
ether; halogenated solvents, such as methylene chloride, 
10 chloroform, and 1 , 1 , 1- trichloroethane ; and amide solvents , such 
asN, N-dimethylf ormamide (DMF) andN-methyl -2 -pyrrolidone (NMP) . 
THF, toluene, or hexane is preferable . These may be used alone 
or in combination of two or more. 

In this step, the addition method and the order of addition 
15 of the compound (4) , the compound (5) , and the reaction solvent 
are not particularly limited. 

The asymmetric carbon represented by *3 may have the R 
absolute configuration or S absolute configuration. Similarly, 
the asymmetric carbon represented by *4 may have the R absolute 
20 configuration or S absolute configuration . The asymmetric carbon 
represented by *3 preferably has R configuration, and the 
asymmetric carbon represented by *4 preferably has S 
configuration . 

After the reaction in this step, the product (6) can be 
25 obtained by extraction with an organic solvent such as ethyl 
acetate, ether, hexane, or toluene. 

This reaction usually proceeds highly stereoselect ively 
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to produce the optically active halohydrin derivative (6) with 
high diastereomeric ratio depending on the type of substituent. 

Furthermore, according to need, purification and isolation 
can be performed by chromatography, crystallization, 
5 distillation, or the like. Alternatively, the product may be 
subjected to a next step without purification and isolation. 

Furthermore, the compound (6) is usually formed as a 
diastereomeric mixture. Thus, according to need, the 
diastereomeric excess can be suitably increased by 

10 crystallization. The diastereomeric excess is defined by; 

(diastereomer A content - diastereomer B content) / (diastereomer 
A content + diastereomer B content) x 100% 

A solvent used for the crystallization varies depending 
on the compound and thus is not particularly limited. Examples 

15 thereof include pentane , hexane , heptane, octane, water, methanol, 
ethanol, n-propanol, isopropanol, n-butanol, isobutanol, 
tert-butanol , benzene, xylene, trimethylbenzene , 
tetrahydrof uran, tetrahydropyran, 1 , 3 -dioxane , 1,4 -dioxane , 
methyl acetate, ethyl acetate, n-propyl acetate, isopropyl 

20 acetate, n-butyl acetate, isobutyl acetate, tert-butyl acetate, 
dimethyl ether, tert-butyl methyl ether, acetonitrile , 
propionitrile , butyronitrile , acetone, DMF, DMSO, and 
N-methyl -2 -pyrrolidone (NMP) ; and a mixed solvent of two or more 
of these. 

25 A process for producing an optically active epoxy alcohol 

derivative represented by general formula (14) : 
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will now be described. The process includes subjecting a compound 
represented by said general formula (6) to at least one treatment 
selected from acid treatment, fluorine compound treatment, and 
5 hydrogenolysis toprepare an optically active halo diol derivative 
represented by general formula (13): 




, and then subjecting the resulting halo diol derivative to base 
treatment; or the process includes subjecting the compound 

10 represented by said general formula (6) to base treatment. 

In the formulae, Ar 2 , X 2 , R 3 , *3, and *4 are the same as 
above, and each of *5 and *6 represents an asymmetric carbon. 

When R 3 in the said general formula (6) represents a 
substituted or unsubstituted alkyl group having 1 to 18 carbon 

15 atoms, a substituted or unsubstituted aryl group having 6 to 2 0 
carbon atoms , a substituted or unsubstituted aralkyl group having 
7 to 20 carbon atoms, a substituted or unsubstituted silyl group, 
or a substituted or unsubstituted he terocycle , an optically active 
epoxy alcohol derivative represented by general formula said (14) 

20 is preferably produced by subjecting the compound (.6) to at least 
one treatment selected from acid treatment, fluorine compound 
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treatment, and hydrogeno lysis to prepare an optically active halo 
diol derivative represented by said general formula (13), and 
then subjecting the resulting halo diol derivative to base 
treatment. The process will be described in detail below. 
5 In converting the compound (6) into the compound (13) , 

one of acid treatment, fluorine compound treatment, and 
hydrogenolysis can be employedwith reference to amethod described 
in, for example, "Protective Groups in Organic Synthesis, third 
edition" . Examples of an acid used in the acid treatment include 

10 hydrochloric acid, sulfuric acid, nitric acid, acetic acid, 

trif luoroacetic acid, toluenesulf onic acid, methanesulf onic acid, 
and ammonium chloride. Hydrochloric acid, sulfuric acid, or 
ammonium chloride is preferable . Examples of a fluorine compound 
used in the fluorine compound treatment include 

15 tetrabutylammonium fluoride (TBAF) , potassium fluoride, sodium 
fluoride, lithium fluoride , and cesium fluoride . TBAF, potassium 
fluoride, or sodium fluoride is preferable. The hydrogenolysis 
should be performed with a compound serving as a hydrogen source, 
such as, hydrogen, formic acid, or ammonium formate , using a noble 

20 metal compound, such as a palladium compound, a platinum compound, 
a rhodium compound, or a ruthenium compound. 

When R 3 represents a silyl group, the acid treatment or 
the fluorine compound treatment is preferable . . When R 3 represents 
an alkyl group, an aralkyl group, or an aryl group, the acid 

25 treatment or the hydrogenolysis is preferable . WhenR 3 represents 
a heterocycle, the acid treatment is preferable. 

After the reaction in this step, the product (13) can be 
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obtained by extraction with an organic solvent, such as ethyl 
acetate, ether, hexane, or toluene. 

According to need, purification and isolation can be 
performed by chromatography, crystallization, or distillation, 
5 or the like. Alternatively, the product may be subjected to a 
next step without purification. 

A solvent used for the crystallization varies depending 
on the compound and thus is not particularly limited. Examples 
thereof include pentane , hexane, heptane, octane, water, methanol, 

10 ethanol, n-propanol, isopropanol, n-butanol, isobutanol, 
tert-butanol , benzene, xylene, trimethylbenzene, 
tetrahydrof uran, tetrahydropyran, 1, 3-dioxane, 1, 4-dioxane, 
methyl acetate, ethyl acetate, n-propyl acetate, isopropyl 
acetate, n-butyl acetate, isobutyl acetate , tert-butyl acetate , 

15 dimethyl ether, tert-butyl methyl ether, acetonitrile , 
propionitrile , butyronitrile , acetone, DMF, DMSO, and 
N-methyl-2-pyrrolidone (NMP) ; and a mixed solvent of two or more 
of these. 

A step of converting the halo diol represented by said 
20 general formula (13) into the optically active epoxy alcohol 
derivative represented by said general formula (14) will be 
described below. 

Examples of the base used in the reaction include, but 
are not part icularly limited to , inorganic bases and organic bases . 
25 Examples of the inorganic base include lithium hydroxide, sodium 
hydroxide, potassium hydroxide, potassium carbonate, sodium 
carbonate, and lithium carbonate. Examples of the organic base 
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include sodium acetate, potassium acetate, lithium acetate, 
sodium methoxide, lithium methoxide , potassium methoxide , sodium 
ethoxide, potassium tert -butoxide , triethylamine , and 
diisopropylethylamine . Lithium hydroxide, sodium hydroxide, 
5 potassium hydroxide, lithium methoxide, sodium methoxide, or 
potassium methoxide is preferable. Lithium hydroxide, sodium 
hydroxide, or potassium hydroxide is more preferable. 

The amount of the base used is 1 . 0 to 10 . 0 molar equivalents 
and preferably 1.0 to 5.0 molar equivalents relative to the 
10 compound (13) . 

Examples of the reaction solvent include, but are not 
particularly limited to, benzene, toluene, diethyl ether, 
tetrahydrof uran (THF) , 1,4-dioxane, methyl tert-butyl ether, 
dimethyl formamide (DMF) , N-methyl-2 -pyrrolidone (NMP) , DMSO, 
15 methanol, ethanol, isopropanol, and water. These may be used 
alone or in combination of two or more. 

The addition method and the order of addition of the compound 
(13), the base, and the reaction solvent are not particularly 
limited. 

20 The reaction temperature is usually within the range of 

-20°C to 60°C. A preferable reaction temperature varies 
depending on the types of base and solvent used but is within 
the range of -10°C to 50°C. 

The asymmetric carbon represented by *5 may be R absolute 

25 configuration or S absolute configuration. Similarly, the 
asymmetric carbon represented by *6 may have the R absolute 
configuration or S absolute configuration . The asymmetric carbon 
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represented, by *5 preferably has R configuration, and the 
asymmetric carbon represented by *6 preferably has R 
configuration . 

When R 3 in said general formula (6) represents hydrogen 
5 or a substituted or unsubstituted acyl group having 1 to 2 0 carbon 
atoms, an optically active epoxy alcohol derivative represented 
by said general formula (14) is preferably produced by subj ecting 
the compound (6) to base treatment . The process will be described 
in detail below. 

10 Examples of the base used include , but are not particularly 

limited to, inorganic bases , such as tetrabutylammonium hydroxide , 
lithium hydroxide, sodium hydroxide, potassium hydroxide, 
potassium carbonate, sodium carbonate, and lithium carbonate and 
organic bases , such as sodium acetate , potassium acetate , lithium 

15 acetate, sodium methoxide, lithium methoxide, potassium 
methoxide, sodium ethoxide, potassium tert -butoxide , 
triethylamine , and diisopropylethylamine . Tetrabutylammonium 
hydroxide, sodium methoxide, lithium methoxide, potassium 
methoxide, sodium ethoxide, or potassium tert-butoxide is 

20 particularly preferable. 

The amount of the base used is 1 . 0 to 10 . 0 molar equivalents 
and preferably 1.0 to 5.0 molar equivalents relative to the 
compound ( 6 ) . 

Examples of the reaction solvent include, but are not 
25 particularly limited to, benzene, toluene, diethyl ether, 

tetrahydrofuran (THF) , 1,4-dioxane, tert-butyl methyl ether, 
dimethyl formamide (DMF) , N-methyl -2 -pyrrolidone (NMP) , DMSO, 
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methanol, ethanol, isopropanol, and water. These may be used 
alone or in combination of two or more. 

The reaction temperature is usually within the range of 
-20°C to 60°C. A preferable reaction temperature varies 
depending on the types of base and solvent used but is within 
the range of -10°C to 50°C. 

The addition method and the order of the compound (6), 
the base, and the reaction solvent are not particularly limited. 

The product (14) can be obtained by extraction with an 
organic solvent , such as ethyl acetate , ether, hexane, or toluene . 
According to need, purification and isolation can be performed 
by chromatography, crystallization, or distillation. 

A process for producing a compound represented by said 
general formula (13) froma compound representedby general formula 
(6a) : 




will be described below. 

In said general formula (6a) , X 2 , Ar 2 , *3, and *4 are the 
same as above. Examples of R 9 include an alkyl group, an aryl 
group, an aralkyl group, a silyl group, and a heterocycle. 

Examples of the alkyl group include substituted or 
unsubstituted alkyl groups having 1 to 18 carbon atoms , for example , 
methyl group, ethyl group, n-propyl group, isopropyl group, 
n-butyl group, isobutyl group, sec -butyl group, tert-butyl group, 
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n-pentyl group, isopentyl group, and n-hexyl group. Examples 
of the aryl group include substituted or unsubstituted aryl groups 
having 6 to 2 0 carbon atoms, for example, phenyl group, 1-naphthyl 
group, 2-naphthyl group, 4 -methylphenyl group, 3 -methylphenyl 
5 group, 2 -2 -methylphenyl group, 4 -ethylphenyl group, 

3 - ethylphenyl group, 4 -methoxyphenyl group, 3 -methoxyphenyl 
group, 2 -methoxyphenyl group, 4 -nitrophenyl group, 

4- phenylphenyl group, 4 -chlorophenyl group, and 4 -bromophenyl 
group. Examples of the aralkyl group include substituted or 

10 unsubstituted aralkyl groups having 7 to 20 carbon atoms, for 
example, benzyl group, 4 -methylbenzyl group, 3 -methylbenzyl 
group, 2 -methylbenzyl group, 4 -methoxybenzyl group, 
3 -methoxybenzyl group, 2 -methoxybenzyl group, 1-phenylethyl 
group, 2 -phenylethyl group, 1 - (4 -methylphenyl ) ethyl group, 

15 1- (4 -methoxyphenyl) ethyl group, 3 -phenylpropyl group, and 

2 -phenylpropyl group. The silyl group represents a silyl group 
in which 0 to 3 groups independently selected from a substituted 
or unsubstituted alkyl group having 1 to 18 carbon atoms, a 
substituted or unsubstituted aryl group having 6 to 2 0 carbon 

20 atoms, and a substituted or unsubstituted aralkyl group having 
7 to 2 0 carbon atoms are bonded to silicon. Examples of the alkyl 
group, the aryl group, and the aralkyl group include the respect ive 
groups described above. Examples of the silyl group include 
trimethylsilyl group, triethylsilyl group , tripropylsilyl group , 

25 triisopropylsilyl group, tert -butyldimethylsilyl group, 
dime thylphenyl silyl group, 2 -ethyldimethyl silyl group, 
dimethylpropylsilyl group, dimethylisopropylsilyl group, and 
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triphenylsilyl group . 

The heterocycle represents a substituted or unsubst ituted 
heterocycle. Examples thereof include tetrahydropyranyl group, 
tetrahydrof uranyl group, tetrahydrothiopyranyl group, 
4 -methoxytetrahydropyranyl group, and 1 , 4 -dioxan-2 -yl group. 

Among these, a silyl group, or a heterocycle is preferable . 
Tert-butyldimethylsilyl group is more preferable . as the silyl 
group. Tetrahydropyranyl group is more preferable as the 
heterocycle . 

The reaction from the compound (6a) to the compound (13) 
can be perf ormedby the same process as that employed in the reaction 
from the compound (6) to the compound (13) . 

A step of producing a compound represented by general 
formula (16) : 



by allowing a compound represented by said general formula (13) 
to react with a compound represented by general formula (15) : 




(16) 




N 




will be described below. 

In formulae (16) and (13) , Ar 2 , X 2 , *3, and *4 are the same 



34 

as above, and each of *7 and *8 represents an asymmetric carbon. 

The compound represented by said general formula (15) is 
produced from, for example, triazole and sulfonic acid chloride 
(J. Am. Chem. Soc . , 97, 7332, 1975). 
5 In formula (15), R 11 represents an alkyl group, an aryl 

group, or an aralkyl group. Examples of the alkyl group include 
substituted or unsubst ituted alkyl groups having 1 to 18 carbon 
atoms, for example, methyl group, ethyl groups, n-propyl group, 
isopropyl group, n-butyl group, isobutyl group, sec -butyl group, 

10 tert -butyl group, n-pentyl group, isopentyl group, and n-hexyl 
group. Examples of the aryl group include substituted or 
unsubst ituted aryl groups having 6 to 2 0 carbon atoms, for example, 
phenyl group, 1-naphthyl group , 2 -naphthyl group , 4 -methylphenyl 
group, 3 -methylphenyl group, 2 -methylphenyl group , 4 -ethylphenyl 

15 group, 3 -ethylphenyl group, 4 -methoxyphenyl group, 

3 - methoxyphenyl group, 2 -methoxyphenyl group, 4 -nitrophenyl 
group, 4 -phenylphenyl group, 4 -chlorophenyl group, and 

4 - bromophenyl group. Examples of the aralkyl group include 
substituted or unsubst ituted aralkyl groups having 7 to 20 carbon 

20 atoms, for example, benzyl group, 4 -methylbenzyl group, 

3 -methylbenzyl group, 2 -methylbenzyl group, 4 -methoxybenzyl 
group, 3 -methoxybenzyl group, 2 -methoxybenzyl group, 
1-phenylethyl group, 2 -phenylethyl group, 

1- (4 -methylphenyl) ethyl group, 1- (4 -methoxyphenyl) ethyl group, 
25 3 -phenylpropyl group, and 2 -phenylpropyl group. The amount of 
the compound (15) used is 1.0 to 5.0 molar equivalents and 
preferably 1.0 to 3.0 molar equivalents relative to the compound 
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(13). 

The reaction of the compounds represented by said general 
formulae (13) and (15) is performed in the presence of a base. 
Examples of the base used include inorganic bases, such as sodium 
5 hydride, tetrabutylammonium hydroxide, lithium hydroxide , sodium 
hydroxide, potassium hydroxide, potassium carbonate, sodium 
carbonate, and lithium carbonate and organic bases , such as sodium 
acetate, potassium acetate, lithium acetate, sodium methoxide, 
lithium methoxide, potassium methoxide, sodium ethoxide, 
10 potassium tert-butoxide , n-butyllithium, lithium 

diisopropylamide , lithium hexame thyldisilaz ane , potassium 
hexamethyldisilazane , and sodium hexamethyldisilazane . Sodium 
hydride or potassium tert-butoxide is particularly preferable. 

The amount of the base used is 1 . 0 to 10 . 0 molar equivalents , 
15 preferably 1.0 to 5.0 molar equivalents , and more preferably 1 . 0 
to 3.0 molar equivalents relative to the compound (13). 

Examples of the reaction solvent include, but are not 
particularly limited to, benzene, toluene, diethyl ether, 
tetrahydrof uran (THF) , 1 , 4 -dioxane , tert-butyl methyl ether, 
20 dimethyl formamide (DMF) , N-methyl -2 -pyrrolidone (NMP) , and DMSO. 
These may be used alone or in combination of two or more. 

The addition method and the order of addition of the compound 
(13) , the compound (15) , the reaction solvent, and the base are 
not particularly limited. 
25 The reaction temperature is usually within the range of 

-20°C to 60°C. A preferable reaction temperature varies 
depending on the types of base and solvent used but is 0°C to 



36 



50°C. 



The product (16) can be obtained by extraction with an 



organic solvent, such as ethyl acetate, ether, hexane, or toluene . 
According to need, purification and isolation can be performed 
5 by chromatography, crystallization, distillation, or the like. 

The asymmetric carbon represented by * 7 may have R absolute 
configuration or S absolute configuration. Similarly, the 
asymmetric carbon represented by *8 may have R absolute 
configuration or S absolute configuration. The asymmetric carbon 
10 represented by *7 preferably has S configuration, and the 
asymmetric carbon represented by *8 preferably has R 
configuration. 

A step of producing an optically active halohydrin 
derivative represented by general formula (19): 



by allowing a haloketone derivative representedby general formula 



to react with a compound represented by said general formula (5) 
20 will be described below. 




(19) 



15 



(21) : 




(21) 



In the formulae, R 3 , X 2 , Ar 2 , and M 2 are the same as above. 
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Each of *9 and *10 represents an asymmetric carbon that may have 
R absolute configuration or S absolute configuration. 

The compound (21) is available by synthesis from a compound 
described in W09623756 and commercially available reagents. 

This reaction can be performed using the same reaction 
solvent and reaction conditions as those in the step of producing 
the optically active halohydrin derivative represented by said 
general formula (6) by reaction of the compound represented by 
said general formula (4) and the compound represented by said 
general formula (5) . Similarly, the compound (19) is subjected 
to af tertreatment > purification, and isolation under the same 
conditions as above. 

A process for producing a compound represented by general 
formula (17) : 



by subjecting a compound represented by said general formula (19) 
to at least one treatment selected from acid treatment, fluorine 
compound treatment, and hydrogenolysis to prepare an optically 
active halo diol derivative represented by general formula (20) : 



and then subjecting the resulting halo diol derivative to base 



10 1*9 
O^Ar 2 




OH (17) 




(20) 
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treatment ; or by sub j ecting a compound represented by said general 
formula (19) to base treatment, will be described below. 

In the formulae, X 2 , Ar 2 , R 3 , *9, and *10 are the same as 
above. The production process can be performed using the same 
5 reaction solvent and reaction conditions as those in the process 
for producing the compound represented by said general formula 
( 14 ) by sub j ecting the compound represented by said general formula 
(6) to at least one treatment selected from acid treatment, 
fluorine compound treatment, and hydrogenolysis to prepare the 

10 optically active halo diol derivative represented by said general 
formula (13) and then sub j ecting the result ing halo diol derivative 
to base treatment, or by subjecting the compound represented by 
said general formula (6) to base treatment. Af tertreatment , 
purification, and isolation steips can be performed under the same 

15 conditions as above. 

A process for producing a triazole derivative represented 
by general formula (18) : 




by allowing the compound represented by said general formula (17) 
20 to react with 1 , 2 , 4 -triazole will be described below. 

In the formula, Ar 2 , *9, and *10 are the same as above. 
This reaction is performed in the presence of a base. 
Examples of the base used include inorganic bases, such as sodium 
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hydride, tetrabutylammonium hydroxide , 1 ithium hydroxide , sodium 
hydroxide, potassium hydroxide, potassium carbonate, sodium 
carbonate, and lithium carbonate and organic bases , such as sodium 
acetate, potassium acetate, lithium acetate, sodium methoxide, 
5 lithium methoxide, potassium methoxide, sodium ethoxide, 
potassium tert-butoxide , n-butyllithium, lithium 
diisopropylamide , lithium hexamethyldisilazane , potassium 
hexamethyldisilazane , and sodium hexamethyldisilazane. The 
inorganic base is preferable. Potassium carbonate, sodium 
10 carbonate, or lithium carbonate is more preferable. Potassium 
carbonate is the most preferable. 

The amount of the base used is 1 . 0 to 10 . 0 molar equivalents 
and preferably 1.0 to 5.0 molar equivalents relative to the 
compound (17) . 

15 Examples of the reaction solvent include, but are not 

particularly limited to, benzene, toluene, diethyl ether, 
tetrahydrof uran (THF) , 1,4-dioxane, tert-butyl methyl ether, 
dimethyl formamide (DMF) , N-methyl-2 -pyrrolidone (NMP) , andDMSO. 
DMF or DMSO is preferable. DMSO is more preferable. These may 

20 be used alone or in combination of two or more. 

The reaction temperature is usually within the range of 
20°C to 120°C. A preferable reaction temperature varies 
depending on the types of base and solvent but is 40°C to 100°C. 

The product (18) can be obtained by extraction with an 

25 organic solvent , such as ethyl acetate , ether, hexane , or toluene . 
According to need, purification and isolation can be performed 
by chromatography, crystallization, distillation, or the like. 



40 

The addition method and the order of addition of the compound 
(17), 1, 2, 4-triazole, the base, the reaction solvent are not 
particularly limited . 

A process for producing an optically active halohydrin 
derivative represented by general formula (12) : 





(12) 



by allowing a haloketone derivative represented by general formula 
(7) : 



(7) 



10 to react with a compound represented by said general formula (5) 
will be described below. Ar 2 , M 2 , *3, and * 4 are the same as above . 

Y represents a halogen atom or a substituted or 
unsubstituted heterocycle . 

Examples of the halogen atom include a fluorine atom, a 
15 chlorine atom, a bromine atom, and an iodine atom. A chlorine 
atom or a bromine atom is preferable. A chlorine atom is more 
preferable . 

Examples of the heterocycle include substituted or 
unsubstituted heterocycles , such as tetrahydropyranyl group, 
20 tetrahydrof uranyl group , tetrahydrothienyl group , pyridyl group , 
pyrazyl group, pyrimidyl group, thienyl group, hydroxypyridyl 
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group, imidazole group, thiazole group, pyrazole group, 
pyrazolone group, isoxazole group, isothiazole group, pyrrole 
group, furan group, and triazole group. Triazole group is 
preferable . 

In the formula (7) , Z represents general formula (8) : 
-0-R 4 (8) 

[wherein R 4 represents hydrogen, an alkyl group, an aryl group, 
an aralkyl group, a silyl group, an acyl group, or a heterocycle] , 
general formula (9) : 




[wherein, R 5 and R 6 independently represent hydrogen, an alkyl 
group, an aryl group, an aralkyl group, a silyl group, an acyl 
group, an alkyloxycarbonyl group, an aralkyloxycarbonyl group, 
or an aryloxycarbonyl group] , 
general formula (10) : 

-SOn-R 7 (10) 

[wherein R 7 represents hydrogen, an alkyl group, an aryl group, 
or an aralkyl group . n represents an integer of 0 to 2 ] , or general 
formula (11) : 

-CH 2 OR 8 (11) 

[wherein R 8 represents hydrogen, an alkyl group, an aryl group, 
an aralkyl group, a silyl group, an acyl group, or a heterocycle] . 

In the formulae (8) , (9) , (10) , and (11) , examples of the 
alkyl groups representedby R 4 , R 5 , R 6 , R 7 , andR 8 include substituted 
or unsubstituted alkyl groups having 1 to 18 carbon atoms, for 
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example, methyl group, ethyl group, n-propyl group, isopropyl 
group, n-butyl group, isobutyl group , sec -butyl group, tert -butyl 
group, n-pentyl group, isopentyl group, and n-hexyl group. 
Examples of the aralkyl group include substituted or unsubstituted 
5 aralkyl groups having 7 to 2 0 carbon atoms, for example, benzyl 
group, 4 -methylbenzyl group, 3 -methylbenzyl group, 
2 -methylbenzyl group, 4 -methoxybenzyl group, 3 -methoxybenzyl 
group, 2 -methoxybenzyl group, 1 -phenylethyl group , 2 -phenylethyl 
group, 1- (4 -methylphenyl) ethyl group, 1- (4-methoxyphenyl) ethyl 

10 group, 3 -phenylpropyl group, and 2 -phenylpropyl group . Examples 
of the aryl group include substituted or unsubstituted aryl groups 
having 6 to 20 carbon atoms, for example, phenyl group, 1-naphthyl 
group, 2-naphthyl group, 4 -methylphenyl group, 3 -methylphenyl 
group, 2 -methylphenyl group, 4 -ethylphenyl group, 3 -ethylphenyl 

15 group, 4-methoxyphenyl group, 3 -methoxyphenyl group, 

2 -methoxyphenyl group , 4 -nitrophenyl group , 4 -phenylphenyl group , 
4 -chlorophenyl group, and 4 -bromophenyl group. 

Examples of the silyl groups represented by R 4 , R 5 , R 6 , 
and R 8 include a silyl group in which 0 to 3 groups independently 

20 selected from a substituted or unsubstituted alkyl group having 
1 to 18 carbon atoms, a substituted or unsubstituted aryl group 
having 6 to 2 0 carbon atoms, and a substituted or unsubstituted 
aralkyl group having 7 to 2 0 carbon atoms are bonded to silicon. 
Examples of the alkyl group, the aryl group, and the aralkyl group 

25 include the respective groups described above . Specific examples 
of the silyl group include trimethylsilyl group, triethylsilyl 
group, tripropylsilyl group, triisopropylsilyl group, 
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tert -butyldimethylsilyl group , dimethylphenylsilyl group , 
ethyldimethylsilyl group, dimethylpropylsilyl group, 
dimethylisopropylsilyl group, and triphenylsilyl group. 

Examples of the acyl groups represented by R 4 , R 5 , R 6 , and 
R 8 include substituted or unsubstituted acyl groups having 1 to 
2 0 carbon atoms , for example, acetyl group, ethylcarbonyl group, 
propylcarbonyl group, isopropylcarbonyl group, butylcarbonyl 
group, isobutylcarbonyl group, sec -butylcarbonyl group, pivaloyl 
group, pentylcarbonyl group, isopentylcarbonyl group, benzoyl 
group, 4 -methylphenylbenzoyl group, and 4 -methoxybenzoyl group . 

Examples of the alkyloxycarbonyl group represented by R 5 
or R 6 include alkyl group substituted oxycarbonyl groups having 
1 to 18 carbon atoms. The alkyloxycarbonyl group may be 
substituted or unsubstituted. Examples of the alkyloxycarbonyl 
group include methoxycarbonyl group, ethoxycarbonyl group, 
propyloxycarbonyl group , isopropyloxycarbonyl group , 
butylcarbonyl group, sec -butylcarbonyl group, isobutylcarbonyl 
group, tert-butyloxycarbonyl group, pentyloxycarbonyl group, 
isopentyloxycarbonyl group , sec -pentyloxycarbonyl group, 
tert -pentyloxycarbonyl group, and neopentyloxycarbonyl group. 
Examples of the aralkyloxycarbonyl group include aralkyl group 
substituted oxycarbonyl groups having 7 to 20 carbon atoms. The 
aralkyloxycarbonyl groups may be substituted or unsubstituted. 
Examples of the aralkyloxycarbonyl group include 
benzyloxycarbonyl group , 1 -phenylethyloxycarbonyl group , 
2 -phenylethyloxycarbonyl group , 4 -methylbenzyloxycarbonyl 
group , 3 -methylbenzyloxycarbonyl group , 
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2 -methylbenzyloxycarbonyl group , 4 -methoxybenzyloxycarbonyl 
group , 3 -methoxybenzyloxycarbonyl group , 

2 -methoxybenzyloxycarbonyl group , 4 -chlorobenzyloxycarbonyl 
group , 3 - chlorobenzyloxycarbonyl group , 
5 2 -chlorobenzyloxycarbonyl group, 4 -cyanobenzyloxycarbonyl 
group, 3 -cyanobenzyloxycarbonyl group, 

2 -cyanobenzyloxycarbonyl group , 3,4 -dimethylbenzyloxycarbonyl 
group , 2,4- dimethylbenzyloxycarbonyl group , 
3 , 4 -dimethoxybenzyloxycarbonyl group , 

10 2 , 4 -dimethoxybenzyloxycarbonyl group, 

1 -phenylpropyloxycarbonyl group , 2 -phenylpropyloxycarbonyl 
group, and 3 -phenylpropyloxycarbonyl group. Examples of the 
aryloxycarbonyl group include aryl group substituted oxycarbonyl 
groups having 6 to 2 0 carbon atoms. The aryloxycarbonyl groups 

15 may be substituted or unsubst ituted . Examples of the 
aryloxycarbonyl group include phenyloxycarbonyl group, 

1- naphthyloxycarbonyl group , 2 -naphthyl oxycarbonyl group , 

4 -methylphenyloxycarbonyl group , 3 -methylphenyloxycarbonyl 
group , 2 -methylphenyloxycarbonyl group , 
20 4 -methoxyphenyloxycarbonyl group , 3 -methoxyphenyloxycarbonyl 
group , 2 -methoxyphenyloxycarbonyl group , 

4 -nitrophenyloxycarbonyl group, 3 -nitrophenyloxycarbonyl group, 

2 - nitrophenyloxycarbonyl group , 4 - chlorophenyloxycarbonyl 
group, 3 -chlorophenyloxycarbonyl group , 

25 2 - chlorophenyloxycarbonyl group , 4 -bromophenyloxycarbonyl 
group , 3 -bromophenyloxycarbonyl group , 

2 -bromophenyloxycarbonyl group, 4 -cyanophenyloxycarbonyl group, 
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3 -cyanophenyloxycarbonyl group, phenyloxycarbonyl group, and 
2 - cyanophenyloxycarbonyl group . 

Examples of the heterocycles represented by R 4 and R 8 
include substituted or unsubstituted heterocycles, such as 
5 tetrahydropyranyl group, tetrahydrof uranyl group, 

tetrahydrothiopyranyl group, 4 -methoxytetrahydropyranyl group, 
and 1 , 4 -dioxan-2 -yl group. 

Among these, a silyl group, an acyl group, or a heterocycle 
is preferable as R 4 . Among the silyl groups, 
10 tert-butyldimethylsilyl group is particularly preferable. 

Among the acyl groups, pivaloyl group is particularly preferable . 
Among the heterocycles, tetrahydropyranyl group is particularly 
preferable. Pivaloyl group is more particularly preferable. 

R 5 and R 6 are not particularly limited. Any combination 
15 of the above-described substituents may be used. Preferably, 
R 5 represents hydrogen, andR 6 represents benzyloxycarbonyl group, 
tert-butyloxycarbonyl group, or methyloxycarbonyl group. 

R 7 preferably represents methyl group or phenyl group. 
A silyl group, an acyl group, or a heterocycle is preferable 
20 as R 8 . Among the silyl groups, tert-butyldimethylsilyl group is 
particularly preferable . Among the acyl groups, pivaloyl group 
is particularly preferable. Among the heterocycles, 
tetrahydropyranyl group is preferable. 

The reaction can be performed by the same conditions as 
25 those in the step of producing the compound (6) by reaction of 
the compounds (4) and (5) described above. 

A halohydrin derivative represented by general formula 
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(1) : 




will be described below . X 1 represents a halogen atom. Examples 
thereof include a fluorine atom, a chlorine atom, a bromine atom, 
5 and an iodine atom . A chlorine atom or a bromine atom is preferable . 
A chlorine atom is more preferable. 

R 1 represents hydrogen, an alkyl group, an aryl group, 
an aralkyl group, a silyl group, an acyl group, or heterocycle. 
Examples of the alkyl group include substituted or 

10 unsubstituted alkyl groups having 1 to 18 carbon atoms , for example , 
methyl group, ethyl group, n-propyl group, isopropyl group, 
n-butyl group, isobutyl group, sec -butyl group, tert -butyl group , 
n-pentyl group, isopentyl group, and n-hexyl group. Examples 
of the aryl group include substituted or unsubstituted aryl groups 

15 having 6 to 20 carbon atoms, for example, phenyl group, 1-naphthyl 
group, 2-naphthyl group, 4 -methylphenyl group, 3 -methylphenyl 
group, 2 -methylphenyl group, 4 -ethylphenyl group , 3 -ethylphenyl 
group, 4 -methoxyphenyl group, 3 -methoxyphenyl group, 
2 -methoxyphenyl group, 4 -nitrophenyl group , 4 -phenylphenyl group , 

20 4 -chlorophenyl group, and 4 -bromophenyl group. Examples of the 
aralkyl group include substituted or unsubstituted aralkyl groups 
having 7 to 2 0 carbon atoms, for example, benzyl group, 
4 -methylbenzyl group, 3 -methylbenzyl group, 2 -methylbenzyl group , 
4-methoxybenzyl group, 3 -methoxybenzyl group, 2 -methoxybenzyl 
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group, 1-phenylethyl group, 2 -phenylethyl group, 
1- (4-methylphenyl) ethyl group, 1- (4 -methoxyphenyl ) ethyl group, 
3 -phenylpropyl group, and 2 -phenylpropyl group. The silyl group 
represents a silyl group in which 0 to 3 groups independently 
selected from a substituted or unsubstituted alkyl group having 
1 to 18 carbon atoms, a substituted or unsubstituted aryl group 
having 6 to 20 carbon atoms, and a substituted or unsubstituted 
aralkyl group having 7 to 20 carbon atoms are bonded to silicon. 
Examples of the alkyl group, the aryl group, and the aralkyl group 
include the respective groups described above . Specific examples 
of the silyl group include trimethylsilyl group, triethylsilyl 
group, tripropylsilyl group, triisopropylsilyl group, 
tert -butyldimethyl silyl group , dime thylphenyl silyl group , 
ethyldimethylsilyl group , dimethylpropylsilyl group , 
dimethylisopropylsilyl group, and triphenylsilyl group. 
Examples of the acyl group include substituted or unsubstituted 
acyl groups having 1 to 2 0 carbon atoms, for example, acetyl group, 
ethylcarbonyl group, propylcarbonyl group, isopropylcarbonyl 
group, butylcarbonyl group, isobutylcarbonyl group, 
sec-butylcarbonyl group, pivaloyl group, pentylcarbonyl group, 
isopentylcarbonyl group, benzoyl group, 4 -methylphenylbenzoyl 
group, and 4 -methoxybenzoyl group. Examples of the heterocycle 
include substituted or unsubstituted heterocycles , such as 
tetrahydropyranyl group, tetrahydrof uranyl group, 
tetrahydrothiopyranyl group, 4 -methoxytetrahydropyranyl group, 
and 1 , 4 -dioxan-2 -yl group. 

Among these, a silyl group, an acyl group, or a heterocycle 
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is preferable . In the silyl group, tert -butyldimethylsilyl group 
is more preferable. In the acyl group, pivaloyl group is more 
preferable . In the heterocycle, tetrahydropyranyl group is more 
preferable. Pivaloyl group is particularly preferable. 
5 Examples of Ar 1 include substituted or unsubstituted aryl 

groups having 6 to 2 0 carbon atoms, for example, phenyl group, 
1-naphthyl group, 2-naphthyl group, 4 -methylphenyl group, 
3 -methylphenyl group, 2 -methylphenyl group , 4 -ethylphenyl group , 

3 - ethylphenyl group, 4 -methoxyphenyl group, 3 -methoxyphenyl 
10 group, 2 -methoxyphenyl group, 4 -nitrophenyl group , 3 -nitrophenyl 

group, 2 -nitrophenyl group, 4 -phenylphenyl group , 4 -chlorophenyl 
group, 4-bromophenyl group, 4 - f luorophenyl group , 3 - f luorophenyl 
group, 2 -f luorophenyl group, 2 , 3 -dif luorophenyl group, 
2 , 4 - di f luorophenyl group , 2 , 5 - di f luorophenyl group , 
15 3 , 4 -dif luorophenyl group, 2 , 3 -dime thy lphenyl group, 

2 . 4 - dime thy lphenyl group, and 3 , 4 -dimethylphenyl group. 

4- f luorophenyl group, 3 - f luorophenyl group, 2 - f luorophenyl group , 
2 , 3 - di f luorophenyl group , 2 , 4 - di f luorophenyl group , 

2 . 5 - dif luorophenyl group, or 3 , 4 -dif luorophenyl group is 

20 preferable. 2 , 4 -dif luorophenyl group or 2 , 5 -dif luorophenyl 

group is more preferable. The asymmetric carbon represented by 
*1 may have R absolute configuration or S absolute configuration. 
Similarly, the asymmetric carbon represented by *2 may have R 
absolute configuration or S absolute configuration. The compound 

25 (1) is a novel compound, and the present inventors found that 
the compound was useful as an intermediate for a triazole 
antifungal agent. 
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A halohydrin derivative compound represented by general 
formula (22) : 




will be described below. X 1 is the same as above. 
5. Each of X 3 and X 4 represents a halogen atom and may be the 

same or different. Examples thereof include a fluorine atom, 
a chlorine atom, a bromine atom, and an iodine atom. Preferably, 
each of X3 and X4 represents a fluorine atom. 

R 12 represents hydrogen, an alkyl group, an aryl group, 

10 an aralkyl group, a silyl group, or an aliphatic acyl group. 

Examples of the alkyl group include substituted or 
unsubstituted alkyl groups having 1 to 18 carbon atoms , for example , 
methyl group, ethyl group, n-propyl group, isopropyl group, 
n-butyl group, isobutyl group , sec -butyl group , tert -butyl group, 

15 n-pentyl group, isopentyl group, and n-hexyl group. Examples 
of the aryl group include substituted or unsubstituted aryl groups 
having 6 to 2 0 carbon atoms, for example, phenyl group, 1-naphthyl 
group, 2-naphthyl group, 4 -methylphenyl group, 3 -methylphenyl 
group, 2 -methylphenyl group, 4 -ethylphenyl group, 3 -ethylphenyl 

20 group, 4 -methoxyphenyl group, 3 -methoxyphenyl group, 

2-methoxyphenyl group, 4 -nitrophenyl group, 4 -phenylphenyl group , 



1 
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4 -chlorophenyl group, and 4 -bromophenyl group. Examples of the 
aralkyl group include substituted or unsubst ituted aralkyl groups 
having 8 to 2 0 carbon atoms, for example, 4 -methylbenzyl group, 
3 -methylbenzyl group, 2 -methylbenzyl group, 4 -methoxybenzyl 
5 group, 3 -methoxybenzyl group, 2 -methoxybenzyl group, 
1-phenylethyl group, 2 -phenylethyl group, 

1- (4 -methylphenyl) ethyl group, 1- (4-methoxyphenyl) ethyl group, 
3 -phenylpropyl group, and 2 -phenylpropyl group. The silyl group 
represents a silyl group; in which 0 to 3 groups independently 

10 selected from a substituted or unsubstituted alkyl group having 
1 to 18 carbon atoms, a substituted or unsubstituted aryl group 
having 6 to 20 carbon atoms, and a substituted or unsubstituted 
aralkyl group having 7 to 2 0 carbon atoms are bonded to silicon. 
Examples of the alkyl group, the aryl group, and the aralkyl group 

15 include the respective groups described above . Specific examples 
of the silyl group include trimethylsilyl group, triethylsilyl 
group, tripropylsilyl group, triisopropylsilyl group, a 
tert -butyldimethylsi lyl group , dimethylphenylsilyl group , 
ethyldimethylsilyl group, dimethylpropylsilyl group, - 

20 dimethylisopropylsilyl group, and triphenylsilyl group. 

Examples of the aliphatic acyl group include acetyl group, 
ethylcarbonyl group, propylcarbonyl group, isopropylcarbonyl 
group, butylcarbonyl group, isobutylcarbonyl group, 
sec-butylcarbonyl group, pivaloyl group, pentylcarbonyl group, 

25 and isopentylcarbonyl group. 

Among these, a silyl group or an aliphatic acyl group is 
preferable. Tert-butyldimethylsilyl group is more preferable 
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for the silyl group. Pivaloyl group is more preferable for the 
aliphatic acyl group . Pivaloyl group is particularly preferable . 

The asymmetric carbon representedby * 11 may have R absolute 
configuration or S absolute configuration. Similarly, the 
asymmetric carbon represented by *12 may have R absolute 
configuration or S absolute configuration. The asymmetric carbon 
represented by *11 preferably has S configuration, and the 
asymmetric carbon represented by *12 preferably has R 
configuration. The compound (22) having such a configuration 
is a novel compound, and the present inventors found that the 
compound was useful as an intermediate for a triazole antifungal 
agent . 

A halohydrin derivative compound represented by general 
formula (23) : 




will be described below. X 1 is the same as above. 

Each of X 5 and X 6 represents a halogen atom and may be the 
same or different. Examples thereof include a fluorine atom, 
a chlorine atom, a bromine atom, and an iodine atom. Preferably, 
each of X 5 and X 6 represents a fluorine atom. 

R 13 represents hydrogen, an alkyl group, an aryl group, 
an aralkyl group, a silyl group, an acyl group, or heterocycle. 
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Examples of the alkyl group include substituted or 
unsubstituted alkyl groups having 1 to 18 carbon atoms , for example , 
methyl group, ethyl group, n-propyl group, isopropyl group, 
n-butyl group , isobutyl group , sec -butyl group , tert -butyl group, 
5 n-pentyl group, isopentyl group, and n-hexyl group. Examples 
of the aryl group include substituted or unsubstituted aryl groups 
having 6 to 20 carbon atoms, for example, phenyl group, 1-naphthyl 
group, 2-naphthyl group, 4 -methylphenyl group, 3 -methylphenyl 
group, 2 -methylphenyl group, 4 -ethylphenyl group, 3 -ethylphenyl 
10 group, 4 -methoxyphenyl group, 3 -methoxyphenyl group, 

2 - methoxyphenyl group , 4 -nitrophenyl group, 4 -phenylphenyl group , 
4 -chlorophenyl group, and 4 -bromophenyl group. Examples of the 
aralkyl group include substituted or unsubstituted aralkyl groups 
having 7 to 2 0 carbon atoms, for example, benzyl group, 

15 4 -methylbenzyl group, 3 -methylbenzyl group , 2 -methylbenzyl group , 
4 -methoxybenzyl group, 3 -methoxybenzyl group, 2 -methoxybenzyl 
group, 1-phenylethyl group, 2 -phenylethyl group, 
1- (4 -methylphenyl) ethyl group, 1- (4 -methoxyphenyl) ethyl group, 

3 - phenylpropyl group, and 2 -phenylpropyl group. The silyl group 
20 represents a silyl group in which 0 to 3 groups independently 

selected from a substituted or unsubstituted alkyl group having 
1 to 18 carbon atoms, a substituted or unsubstituted aryl group 
having 6 to 20 carbon atoms, or a substituted or unsubstituted 
aralkyl group having 7 to 20 carbon atoms are bonded to silicon. 
25 Examples of the alkyl group, the aryl group, and the aralkyl group 
include the respective groups described above . Specific examples 
of the silyl group include trimethylsilyl group, triethylsilyl 
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group, tripropylsilyl group, triisopropylsilyl group, 
tert-butyldimethylsilyl group, dimethylphenylsilyl group, 
ethyl dimethyl silyl group , dimethylpropylsilyl group, 
dimethylisopropylsilyl group, and triphenylsilyl group. 
Examples of the acyl group include substituted or unsubst ituted 
acyl groups having 1 to 2 0 carbon atoms, for example, acetyl group, 
ethylcarbonyl group, propylcarbonyl group, isopropylcarbonyl 
group, butylcarbonyl group, isobutylcarbonyl group, 
sec-butylcarbonyl group, pivaloyl group, pentylcarbonyl group, 
isopentylcarbonyl group, benzoyl group, 4 -methylphenylbenzoyl 
group, and 4 -methoxybenzoyl group. Examples of the heterocycle 
include substituted or unsubstituted heterocycles , such as 
tetrahydropyranyl group, tetrahydrof uranyl group, 
tetrahydrothiopyranyl group, 4 -methoxytetrahydropyranyl group, 
and 1 , 4 -dioxan-2 -yl group. 

Among these, a silyl group, an acyl group, or a heterocycle 
is preferable . Tert-butyldimethylsilyl group is more preferable 
for the silyl group. Pivaloyl group is more preferable for the 
acyl group. Tetrahydropyranyl group is more preferable for the 
heterocycle. Pivaloyl group is particularly preferable. 

The asymmetric carbon represented by * 13 may have R absolute 
configuration or S absolute configuration. Similarly, the 
asymmetric carbon represented by *14 may have R absolute 
conf igurationor S absolute configuration. The asymmetric carbon 
represented by *i3 preferably has S configuration, and the 
asymmetric carbon represented by *14 preferably has R 
configuration. The compound (23) having such a configuration 



54 

is a novel compound, and the present inventors found that the 
compound was useful as an intermediate for a triazole antifungal 
agent . 

5 EXAMPLES 

The present invention will be described in further detail 
on the basis of examples. However, the present invention is not 
limited to these examples. 

10 (Example 1) 

(R) -l-Chloro-3 - hydroxybut an - 2 - one 

A mixture of 6 . 25 g (60 mmol) of (R) -methyl lactate , 10.49 
g (90 mmol) of sodium chloroacetate , 9.09 g (90 mmol) of 
triethylamine , and 250 mL of THF was cooled in ice, and 137 g 

15 (240 mmol) of a 1.75 M solution of tert -butylmagnesium chloride 
was added dropwise thereto over a period of 2 hours. After the 
completion of the dropwise addition, the reaction was allowed 
to proceed at room temperature for another 2 hours, and a scplution 
of 20 mL of concentrated hydrochloric acid/ 50 mL of water was 

20 added to the reaction solution. Stirring was performed at 25°C 
for 0.5 hours. Then, a product was extracted with ethyl acetate 
(2 00 mL x 2 ) . The resulting organic layer was dried over anhydrous 
sodium sulfate and concentrated under reduced pressure to obtain 
6.03 g of the title compound as a colorless oil (yield: 82%). 

25 1 H-NMR (4 0 0 MHz, CDC1 3 ) 5: 1.46 (d, 3H, J = 6.3Hz), 4.30 (s, 2H), 
4 . 55 (q, 1H, J = 6,3 Hz) . 
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(Example 2) 

(R) - 1 -Chloro- 3 - ( tert -butyldimethylsilyloxy ) butan-2 -one 

A mixture of 5.0 0 g (21.52 mmol) of ethyl 
(R) -2- (tert-butyldimethylsilyloxy) propionate , 3 . 76 g (32 .3 
5 mmol) of sodium chloroacetate , 2.18g (21. 5 mmol) of triethylamine , 
and 5 0 mL of THF was cooled in ice, and 3 7 mL (64.6 mmol) of a 
1 . 75 M solution of tert-butylmagnesium chloride was added dropwise 
thereto over a period of 1 hour. After the completion of the 
dropwise addition, the reaction was allowed to proceed at 0°C 

10 for 3 hours, and 6 M hydrochloric acid (about 2 0 mL) was added 
to the reaction solution to adjust the pH to 6.0. Subsequently, 
stirring was performed at 25°C for 2 hours . Aproduct was extracted 
with ethyl acetate (100 mL x 2) . The resulting organic layer 
was dried over anhydrous sodium sulfate and concentrated under 

15 reduced pressure to obtain 5.19 g of the title compound as a 
colorless oil (yield: 100%). 1 H-NMR (400 MHz, CDC1 3 ) 5: 0.10 (s, 
6H) , 0.92 (s, 9H) , 1.24 (d, 3H, J = 6.8 Hz), 4.35 (q, 1H, J = 
6.8 Hz), 5.50 (q, 2H, J = 17.0 Hz). 

20 (Example 3) 

l-Chloro-2- (2 , 4 -dif luorophenyl ) -3- ( tert-butyldimethylsilylox 
y) butan-2-ol 

Under a nitrogen atmosphere , 0.693 g (28.5 mmol) of 
magnesium was immersed in 5 mL of anhydrous THF, and a solution 
25 of 5.00 g (26.0 mmol) of 2 , 4 -dif luorophenylbromobenzene in 21 
mL of THF was added dropwise thereto at 0 °C . After the completion 
of the dropwise addition, stirring was performed at 0°C for 2 
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hours and then at room temperature for another 1 hour to obtain 
2 , 4-dif luorophenylmagnesium bromide (0.62 M) . 

Next, a solution of 0.6 9 g (3.0 mmol) of 
(R) -l-chloro-3- (tert-butyldimethylsilyloxy) butan-2-one in 5 mL 
5 of THF was cooled to 0°C, and 5.3 mL (3.3 mmol) of 

2 , 4-dif luorophenylmagnesium bromide prepared as described above 
was added dropwise thereto over a period of 15 minutes. After 
the completion of the dropwise addition, stirring was continued 
for another 2 hours , and then 10 mL of a saturated aqueous solution 

10 of ammonium chloride was added to stop the reaction . Furthermore , 
10 mL of water was added thereto, and extraction was performed 
with ethyl acetate (2 0mLx2) . After drying over anhydrous sodium 
sulfate, concentration was performed under reduced pressure to 
obtain 1.01 g of a colorless oil. A quantitative analysis was 

15 perf ormedby HPLC (column: COSMOSIL manuf acturedby Nacalai Tesque 
Inc., mobile phase: acetonitrile/aqueous solution of 0.01 wt% 
phosphoric acid = 7/3 , flow rate: l.OmL/min, column temperature : 
40°C, detector: UV 210 nm, retention time: 25 minutes (2S,3R) , 
20 minutes (2R,3R) ) . Thereby, 0.92 g of the title compound was 

20 obtained (yield: 89%) ( (2S , 3R) : (2R, 3R) = 91 : 9) . 1 H-NMR (4 00 MHz , 
CDC1 3 ) (2S,3R) 8: 0.10 (s, 6H) , 0.93 (s, 12H) , 3.85 (d, 1H, J 
= 12.0 Hz), 4.07 (d, 1H, J = 12.0 Hz) , 4.36 (q, 1H, J=6.6Hz), 
6.77-6.80 (m, IB), 6.91-6.93 (m, 1H) , 7.69-7.71 (m, 1H) . 

25 (Example 4) 

l-Chloro-2- (2 , 4 -dif luorophenyl ) -3- ( tert-butyldimethylsilylox 
y)butan-2-ol 
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A solution of 0.6 9 g (3.0 mmol) of 
(R) -l-chloro-3 - (tert-butyldimethylsilyloxy) butan-2-one in 5 mL 
of THF was cooled to -20°C, and 5 . 3 mL (3.3 mmol) of a solution 
of 2 , 4 -dif luorophenylmagnesium bromide prepared by the same 
5 method as that in Example 3 was added dropwise over a period of 
15 minutes. After the completion of the dropwise addition, 
stirring was continued for another 2 hours, and then 10 mL of 
a saturated aqueous solution of ammonium chloride was added to 
stop the reaction. Furthermore, 10 mL of water was added thereto, 

10 and extraction was performed with ethyl acetate (20mLx2) . After 
drying over anhydrous sodium sulfate , concentration was performed 
under reduced pressure to obtain a colorless oil . A quantitative 
analysis was performed by HPLC (under the same HPLC measurement 
conditions as those in Example 3) . Thereby, the title compound 

15 was obtained in a yield of 68% ( (2S, 3R) : (2R, 3R) = 92:8). 

(Example 5) 

l-Chloro-2- (2 , 4 -dif luorophenyl ) -3- ( tert-butyldimethylsilylox 
y) butan-2 -ol 

20 A solution of 0.69 g (3.0 mmol) of 

(R) -l-chloro-3 - (tert-butyldimethylsilyloxy) butan-2-one in 5 mL 
of toluene was cooled to 0°C, and 5 . 3 mL (3.3 mmol) of a solution 
of 2 , 4 -dif luorophenylmagnesium bromide prepared by the same 
method as that in Example 3 was added dropwise over a period of 

25 15 minutes. After the completion of the dropwise addition, 

stirring was continued for another 2 hours, and then 10 mL of 
a saturated aqueous solution of ammonium chloride was added to 
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stop the reaction. Furthermore, 10 mL of water was added thereto, 
and extraction was performed with ethyl acetate (20mLx2) . After 
drying over anhydrous sodium sulfate , concentration was performed 
under reduced pressure to obtain a colorless oil . A quantitative 
5 analysis was performed by HPLC (under the same HPLC measurement 
conditions as those in Example 3) . Thereby, the title compound 
was obtained in a yield of 94% ( (2S, 3R) : (2R, 3R) = 90:10). 

(Example 6) 

10 l-Chloro-2 - (2 , 4 -dif luorophenyl ) butane -2 , 3-diol 
To a solution of 0.45 g (1.28 mmol) of 
l-chloro-2- (2, 4 -dif luorophenyl ) -3- ( tert-butyldimethylsilylox 
y)butan-2-ol ( (2S , 3R) / (2R, 3R) = 91/9)) in 5 mL of methanol was 
added 0 . 25 mLof concentratedhydrochloric acidat room temperature . 

15 After the completion of the dropwise addition, stirring was 

performed at room temperature for 18 hours. Then, 10 mL of water 
was added to stop the reaction, and extraction was performed with 
2 0 mL of ethyl acetate. The resulting organic layer was dried 
over anhydrous sodium sulfate and concentrated under reduced 

20 pressure to obtain a crude product as a colorless oil. A 

quantitative analysis was performed by HPLC . Thereby, the title 
compound was obtained in a yield of 77% ((2S,3R)/(2R,3R)) =9 0/10) 
(HPLC, column: CAPCELL PAK C18 TYPE MG manufactured by Shiseido 
Co. Ltd., mobile phase: acetonitrile/20 mM (potassium) phosphate 

25 buffer solution (pH =2.5) = 3/7, flow rate: 1.0 mL/min, column 
temperature: 30°C, detector: UV210nm, retention time : 26 minutes 
(2S,3R), 17 minutes (2R,3R). 1 H-NMR (400 MHz, CDC1 3 ) (2S,3R) 6: 
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0.98 (d, 3H, J = 6.6Hz), 2.50 (brs, 1H) , 3.21 (s, 1H) , 4.11-4.23 

(m # 3H) , 6.77-6.80 (m, 1H) , 6.91-6.93 (m, 1H) , 7.69-7.71 (m, 1H) ; 
(2R,3R) 5: 1.93 (dd, 3H, J = 6.3, 1.2 Hz), 2.25 (d, 1H, J = 5.2 

Hz), 3.15 (s, 1H) , 3.96 (d, J = 11.0 Hz), 4.08 (q, 1H, J = 6.3 

5 Hz), 4.35 (d, J = 11.2 hz) , 6.77-6.80 (m, 1H), 6.91-6.93 (m, 1H), 
7 . 69-7 . 71 (m, 1H) ) . 

(Example 7) 

(2S, 3R) -l-Chloro-2- (2 , .4 -dif luorophenyl ) butane -2 , 3-diol 

A solution of 0.45 g (1.28 mmol) of 
l-chloro-2- (2 , 4 -dif luorophenyl ) -3- (tert-butyldimethylsilylox 
y)butan-2-ol ( (2S, 3R) / (2R, 3R) = 91/9) in 5 mL of THF was cooled 
in ice, and 1 . 3 mL of a 1 . 0 M solution of TBAF in THF was added 
dropwise. After the completion of the dropwise addition, 
reaction was performed for 1 . 5 hours and then at room temperature 
for another 11 hours. Next, 10 mL of water was added to stop 
the reaction, and extraction was performed with 20 mL of ethyl 
acetate. The resulting organic layer was dried over anhydrous 
sodium sulfate and concentrated under reduced pressure to obtain 
a crude product as a colorless oil.' A quantitative analysis was 
performed by HPLC (under the same HPLC measurement conditions 
as those in Example 6) . Thereby, the title compound was obtained 
in a yield of 15% ( (2S , 3R) / (2R, 3R) = 91/9). 

25 (Example 8) 

l-Chloro-2- (2 , 4 -dif luorophenyl ) butane-2 , 3-diol 
To a solution of 0.27 g (0.77 mmol) of 
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l-chloro-2 - (2 , 4 -dif luorophenyl) -3 - ( tert-butyldimethylsilylox 
y)butan-2-ol ( (2S , 3R) / (2R, 3R) = 91/9) in 3 mL of methanol was 
added 0.06 g (0.94 mmol) of potassium fluoride, and reaction was 
performed for 10 hours and then at 50°C for another 25 hours. 
5 Next, 5 mL of water was added to stop the reaction, and extraction 
was performed with 10 mL of ethyl acetate . The resulting organic 
layer was dried over anhydrous sodium sulfate and concentrated 
under reduced pressure to obtain a crude product as a colorless 
oil. The resulting crude product was quantitatively analyzed 
10 by HPLC (under the same HPLC measurement conditions as those in 
Example 6) . Thereby, the title compound was obtained in a yield 
of 17% ( (2S, 3R) / (2R, 3R) = 95/5). 

(Example 9) 

15 (2R, 3R) -1, 2 -Epoxy-2 - (2 , 4 -dif luorophenyl ) butan- 3 -ol 
A solution of 0.12 g (0.45 mmol) of 
(2S, 3R) -l-chloro-2- (2, 4 -dif luorophenyl) butane-2 , 3-diol in 3 mL 
of methanol was cooled in ice, and 0.12 g (0.6 mmol) of a 28% 
solution of NaOMe in methanol was added. Reaction was performed 

20 for 2 hours, and 10 mL of water was added to stop the reaction. 
Extraction was performed with ethyl acetate (10 mL) . After drying 
over anhydrous sodium sulfate, concentration was performed under 
reduced pressure to obtain a crude product. The resulting crude 
product was purified by column on silica gel to obtain 0.09 g 

25 of the title compound (yield: 96%) . 
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(Example 10) 
1 , 2 -Epoxy-2 - (2 , 4 -dif luprophenyl ) butan- 3 -ol 

A solution of 0.2 8 g (1.2 mmol) of 
(2S, 3R) -l-chloro-2- (2 , 4-dif luorophenyl) butane-2 , 3-diol 
5 ( (2S , 3R) / (2R, 3R) = 88/12 ) in 3 mL of methanol was cooled in ice, 
and 1.4 mL of a 1 M aqueous solution of NaOH was added thereto. 
Reaction was performed for 1 . 5 hours, and 10 mL of water was added 
to stop the reaction. Extraction was performed with ethyl acetate 
(2 0 mL) . After drying over anhydrous sodium sulfate, 

10 concentration was performed under reduced pressure to obtain a 
crude product. The resulting crude product was quantitatively 
analyzed by HPLC. Thereby, the title compound was obtained in 
a yield of 95% ( (2R, 3R) / (2S , 3R) = 88/12) (HPLC, column: CAPCELL 
PAK C18 TYPE MG, mobile phase: acetonitrile/2 0 mM (potassium) 

15 phosphate buff er solution (pH = 2.5) =2/8, flow rate: l.OmL/min, 
column temperature: 30°C, detector: UV 210 nm, retention time: 
2 8 minutes (2S,3R), 30 minutes (2R,3R)). 1 H-NMR (400 MHz, CDC1 3 ) 
(2R,3R) ,5: 1.16 (d, 3H, J = 6.1 Hz) , 2.80 (d, 1H, J = 4.4 Hz) , 
3.30 (d, 1H, J = 4.4 Hz), 4.09 (q, 1H, J = 6.1 Hz), 6.80-6.93 

20 (m, 2H) , 7.32-7.37 (m, 1H) ) . 

(Example 11) 

(S) -l-Chloro-3- ( tert-butyldimethylsilyloxy) butan-2 -one 
A mixture of 5.00 g (21.52 mmol) of ethyl 
25 (S) -2- (tert-butyldimethylsilyloxy)propionate, 3.76 g (32.3 

mmol) of sodium chloroacetate , 2 . 18 g (21 . 5mmol) of triethylamine , 
and 50 mL of THF was cooled in ice, and 37 mL (64.6 mmol) of a 
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1 . 75 M solution of tert -butylmagnesium chloride was added dropwise 
thereto over a period of 1 hour. After the completion of the 
dropwise addition, reaction was performed at 0°C for another 3 
hours, and 6 M hydrochloric acid (about 20 mL) was added to the 
5 reaction solution to adjust the pH to 6 . 0 . Subsequently, stirring 
was performed at 25°C for 2 hours. A product was extracted with 
ethyl acetate (100 mL x 2 ) . The resulting organic layer was dried 
over anhydrous sodium sulfate and concentrated under reduced 
pressure to obtain 5.01 g of the title compound as a colorless 
10 oil (yield: 98%). 1 H-NMR (400 MHz, CDC1 3 ) 5: 0.10 (s, 6H) , 0.92 

(s, 9H), 1.24 (d, 3H, J = 6.8 Hz), 4.35 (q, 1H, J = 6.8 Hz), 5.50 

(q, 2H, J = 17.0 Hz) . 

(Example 12) 

15 l-Chloro-2- (2, 4 -dif luorophenyl ) -3- ( tert-butyldimethylsilylox 
y) butan-2 -ol 

A solution of 0.6 9 g (3.0 mmol) of 
(S) -l-chloro-3- (tert-butyldimethylsilyloxy) butan-2-one in 5 mL 
of toluene was cooled to -20°C, and 5 . 3 mL (3.3 mmol) of a solution 

20 of 2 , 4 -dif luorophenylmagnesium bromide prepared by the same 

method as that in Example 3 was added dropwise thereto over a 
period of 15 minutes. After the completion of the dropwise 
addition, stirring was continued for another 2 hours, and 10 mL 
of a saturated aqueous solution of ammonium chloride was added 

25 to stop the reaction. Furthermore, 10 mL of water was added, 

and extraction was performed with ethyl acetate (20mLx2) . After 
drying over anhydrous sodium sulfate , concentration was performed 
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under reduced pressure to obtain a colorless oil . A quantitative 
analysis was performed by HPLC (under the same HPLC measurement 
conditions as those in Example 3) . Thereby, the title compound 
was obtained in a yield of 91% (2R, 3S) / (2S , 3S) = 92/8) . 1 H-NMR 
5 (400 MHz, CDC1 3 ) (2R,3S) 5: 0.10 (s, 6H) , 0.92 (s, 12H) , 3.85 
(d, 1H, J = 12.0 Hz), 4.07 (d, 1H, J = 12.0 Hz), 4.35 (q, 1H, 
J = 6.6Hz), 6.77-6.79 (m, 1H) , 6.93-6.93 (m, 1H) , 7.69-7.71 (m, 
1H) . 

10 (Example 13) 

l-Chloro-2 - (2 , 4 -dif luorophenyl ) butane -2 , 3 -diol 

To a solution of 0.45 g (1.28 mmol) of 
l-chloro-2- (2 , 4 -dif luorophenyl ) -3- (tert-butyldimethylsilylox 
y)butan-2-ol ( (2R, 3S) / (2S , 3S) = 92/8) in 5 mL of methanol was 

15 added 0.25 mL of concentratedhydrochloric acidat room temperature . 
After the completion of the dropwise addition, stirring was 
performed at room temperature for 18 hours. Then, 10 mL of water 
was added to stop the reaction, and extraction was performed with 
ethyl acetate (2 0 mL) . The resulting organic layer was dried 

20 over anhydrous sodium sulfate and concentrated under reduced 
pressure to obtain a crude product as a colorless oil. A 
quantitative analysis was performed by HPLC (under the same HPLC 
measurement conditions as those in Example 6) . Thereby, the title 
compound was obtained in a yield of 75% ((2R,3S)/(2S,3S) =91/9). 

25 1 H-NMR (400 MHz, CDC1 3 ) (2R,3S) 6: 0.98 (d, 3H, J = 6.6 Hz), 2.48 
(brs, 1H) , 3.20 (s, 1H) , 4.11-4.23 (m, 3H) , 6.77-6.80 (m, 1H) , 
6.91-6.93 (m, 1H) , 7.69-7.71 (m, 1H) ; (2S,3S) 5: 1.93 (dd, 3H, 
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J = 6.3, 1.2 Hz), 2.25 (d, 1H, J = 5.2 Hz), 3.15 (s, 1H) , 3.97 

(d, J = 11.0 Hz), 4.06 (q, 1H, J = 6.3 Hz), 4.35 (d, J = 11.2 

Hz), 6.75-6.82 (m, 1H) , 6.91-6.93 (m, 1H) , 7.69-7.71 (m, 1H) . 

(Example 14) 

(2S, 3S) - 1 , 2 -Epoxy-2 - (2 , 4 -dif luorophenyl ) butan-3 -ol 
A solution of 0.12 g (0.45 mmol) of 

(2R, 3S) -l-chloro-2- (2, 4 -dif luorophenyl ) but ane-2 , 3-diol in 
methanol 3 mL was cooled in ice, and 0.12 g (0.6 mmol) of a 28% 
solution of NaOMe in methanol was added. Reaction was performed 
for 2 hours. Then, 10 mL of water was added to stop the reaction, 
and extraction was performed with ethyl acetate (10 mL) . After 
drying over anhydrous sodium sulfate , concentration was performed 
under reduced pressure to obtain a crude product. The resulting 
crude product was purified by column on silica gel to obtain 0 . 086 
g of the title compound (yield: 96%) . 

(Example 15) 
(R) -l-Chloro-3 - trimethylsilyloxybutan-2 -one 

A mixture of 5 . 00 g (42.3 mmol) of (R) -ethyl lactate , 7.40 
g (63.5 mmol) of sodium chldroacetate , 4.28 g (42.3 mmol) of 
triethylamine, and 50 mL of THF was cooled in ice, and 97 g (109 
mmol) of a 1.75 M solution of tert-butylmagnesium chloride was 
added dropwise thereto over a period of 2 hours. After the 
completion of the dropwise addition, the reaction was performed 
at room temperature for another 2 hours, and a solution of 2 0 
mL of concentrated hydrochloric acid /50 mL of water was added 
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to the reaction solution. Stirring was performed at 25°C for 
0 . 5 hours . Then, a product was extracted with ethyl acetate (200 
mL x 2) . The resulting organic layer was dried over anhydrous 
sodium sulfate and concentrated under reduced pressure to obtain 
5 a colorless oil. 

Next, the resulting concentrate was dissolved in 50 mL 
of THF, and 8 . 1 mL (63.5 mmol) of TMSC1 was added dropwise thereto 
over a period of 5 minutes under ice cooling . Subsequently, 11.8 
mL (84.6 mmol) of triethylamine was added dropwise at the same 

10 temperature over a period of 10 minutes. After the reaction was 
performed for another 1 hour, 8 0 mL of water was added, and 
extraction was performed with ethyl acetate (100 mL x 2) . Drying 
was performed with anhydrous sodium sulfate, and then 
concentration was performed under reduced pressure to obtain 5 . 04 

15 g of the title compound as an oil (yield: 61%) . 1 H-NMR (400 MHz, 
CDC1 3 ) 5: 0.17 (s, 9H) , 1.35 (d, 3H, J = 6.0 Hz), 4.35 (q, 1H, 
J = 6.0 Hz), 4.48 (d, 2H, J = 17.1 Hz). 

(Example 16 ) 

20 l-Chloro-2 - (2 , 4 -dif luprophenyl ) -3- ( trimethylsilyloxy) butan-2 
-ol 

A solution of 0.7 g (3.6 mmol) of 
(R) -l-chloro-3 - (trimethylsilyloxy) butan-2-one in 5 mL of THF was 
cooled to 0°C, 5.4 mL (3.8 mmol) of a 0 . 7 M solution of 
25 2 , 4-dif luor opheny lmagne s ium bromide prepared by the same method 
as that in Example 3 was added dropwise thereto over a period 
of 10 minutes. After the completion of the dropwise addition, 
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stirring was continued for another 5 hours, and 10 mL of a saturated 
aqueous solution of ammonium chloride was added to stop the 
reaction. Furthermore, 10 mL of water was added, and extraction 

was performed with ethyl acetate (20 mL x 2) . After drying over 
5 anhydrous sodium sulfate, concentration was performed under 
reduced pressure to obtain 

l-chloro-2- (2 , 4-dif luorophenyl) butane-2 , 3-diol . A 
quantitative analysis was performed by HPLC (under the same HPLC 
measurement conditions as those in Example 6) . As a result, the 
10 yield was determined to be 87% ( (2S , 3R) / (2R, 3R) = 41/59). 
(Example 17) 

l-Chloro-2- (2 , 4 -dif luorophenyl ) -3- ( trimethylsilyloxy) butan-2 
-ol 

A solution of 0.7 g (3.6 mmol) of 

15 (R) -l-chloro-3 - (trimethylsilyloxy) but an- 2 - one in 5 mL of THF was 
cooled to -20°C, and 5.4 mL (3.8 mmol) of a 0 . 7 M solution of 
2 , 4 -dif luorophenylmagnesium bromide prepared by a method as that ' 
in Example 3 was added dropwise thereto over a period of 10 minutes . 
After the completion of the dropwise addition, stirring was 

20 continued for another 5 hours, and 10 mL of a saturated aqueous 
solution of ammonium chloride was added to stop the reaction. 
Furthermore, 10 mL of water was added, and extract ion was performed 
with ethyl acetate (2 0mLx2) . After drying over anhydrous sodium 
sulfate, concentration was performed under reduced pressure to 

25 obtain 1 -chloro-2 - (2 , 4 -dif luorophenyl ) butane-2 , 3 -diol as a 

colorless oil. A quantitative analysis was performed by HPLC 
(under the same HPLC measurement conditions as those in Example 
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6) . As a result, the yield was determined to be 79% 
( (2S, 3R) / (2R, 3R) = 43/57). 

(Example 18) 
5 (R) - l-Chloro-3 -pivaloyloxybutan-2 -one 

A mixture of 32.8 g (147 mmol) of methyl 
(R) -2 -pivaloyloxypropionate , 30.5 g (261.8 mmol) of sodium 
chloroacetate, 26.4 g (261.55 mmol) of triethylamine , and 400 
mL of THF was cooled in ice, and 299 g (523.5 mmol) of a 1.75 

10 M solution of tert-butylmagnesium chloride was added dropwise 
thereto over a period of 3 hours. After the completion of the 
dropwise addition, the reaction was performed at 25 °C for another 
2 hours, and the reaction solution was cooled in ice. A solution 
of 45 ml of concentrated hydrochloric acid /200 ml of water was 

15 added thereto, and subsequently 250 mL of ethyl acetate was added. 
Furthermore, concentrated hydrochloric acid was added for 
adjusting the pH to 6.0. Stirring was performed at 25°C for 1 
hour. The resulting ethyl acetate layer was separated, and 150 
mL of ethyl acetate was added to the resulting aqueous layer to 

20 perform extraction again. The resulting ethyl acetate layers 
were combined, dried over anhydrous sodium sulfate, and 
concentrated under reduced pressure to obtain 42.6 g of a crude 
product as an oil . A quantitative analysis was performed by HPLC . 
Thereby, 29.4 g of the title compound was obtained (yield: 82%, 

25 98.7% e.e.) (HPLC, column: YMC-A3 02 manufactured by YMC Co . Ltd.; 
mobile phase: acetonitrile/20 mM (potassium) phosphate buffer 
solution (pH =2.5) = 6/4, flow rate: 1.0 mL/min, column 
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temperature: 30°C, detector: UV210nm, retention time : 5 minutes) . 
X H-NMR (400 MHz , CDCI3 ) 8: 1.25 (s, 9H) , 1.46 (d, 1H, J = 6.6 Hz) , 
4.30 (s, 2H) , 5.27 (q, 1H, J = 6.6 Hz). 

5 (Example 19) 

l-Chloro-2- (2 , 4-dif luorophenyl) -3 -pivaloyloxybutan-2 -ol 

A solution of 0.41 g (2.0 mmol) of 
(R) -l-chloro-3-pivaloyloxybutan-2-one in 5 mL of THF was cooled 
to 0°C, and 3.2 mL (2.2 mmol) of a 0.69 M solution of 

10 2 , 4-dif luorophenylmagnesium bromide prepared by the same method 
as that in Example 3 was added dropwise thereto over a period 
of 5 minutes. After the completion of the dropwise addition, 
stirring was continued for another 1 hour, and 10 mL of a saturated 
aqueous solution of ammonium chloride was added to stop the 

15 reaction. Furthermore, 10 mL of water was added, and extraction 
was performed with ethyl acetate (20 mL x 2 ) . After drying over 
anhydrous sodium sulfate, concentration was performed under 
reduced pressure to obtain a crude product. A quantitative 
analysis was performed by HPLC. Thereby, the title compound was 

20 obtained in a yield of 15% ( (2S , 3R) / (2R, 3R) =92/8) (HPLC, column: 
YMC-A302 manufactured by YMC Co. Ltd., mobile phase: 
acetonitrile/20 mM (potassium) phosphate buffer solution (pH = 
2.5) = 6/4, flow rate: 1.0 mL/min, column temperature: 30°C, 
detector: UV 210 nm, retention time: 10 minutes (2S,3R) and 8 

25 minutes (2R,3R)). 1 H-NMR (400 MHz, CDC1 3 ) 5: 1.05 (d, 3H, J = 
6.3 Hz), 1.25 (s, 9H) , 3.86 (d, 1H, J = 11.5 Hz), 4.19 (d, 1H, 
11.5 Hz), 5.38 (q, 1H, J =6.3 Hz), 6.77-6.80 (m, 1H), 6.91-6.93 
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(m, 1H) , 7.69-7.71 (m, 1H) . 
(Example 20) 

1 -Chloro- 2- (2, 4 -dif luorophenyl ) -3 -pivaloyloxybutan-2 -ol 
5 A solution of 0.41 g (2.0 mmol) of 

(R) - 1 - chloro- 3 -pivaloy loxybutan- 2 - one in 5 mL of toluene was 
cooled to 0°C, and 3 . 2 mL (2.2 mmol) of a 0.69 M solution of 
2 , 4 -dif luorophenylmagnesium bromide prepared by the same method 
as that in Example 3 was added dropwise thereto over a period 

10 of 5 minutes. After the completion of the dropwise addition, 
stirring was continued for another 1 hour, and 10 mL of a saturated 
aqueous solution of ammonium chloride was added to stop the 
reaction. Furthermore, 10 mL of water was added, and extraction 
was performed with ethyl acetate (20 mL x 2) . After drying over 

15 anhydrous sodium sulfate, concentration was performed under 

reducedpressure to obtain 0 . 54 g of a crude product . The resulting 
product was purified by column on silica gel to obtain 0.450 
g of the title compound (yield: 71%) ( (2S , 3R) / (2R, 3R) =93/7 (the 
diastereomeric ratio was measured by HPLC under the same HPLC 

20 measurement conditions as those in Example 19) ) . 

(Example 21) 

l-Chloro-2 - (2 , 4 -dif luorophenyl ) -3 -pivaloyloxybutan-2 -ol 
First, 8 . 9 mL (8.0 mmol) of a 0 . 9 M solution of 
25 2, 4 -dif luorophenylmagnesium bromide prepared by the same method 
as that in Example 3 was cooled to 0°C, and a solution of 0.83 
g (4.0 mmol) of (R) - 1 - chloro- 3 -pivaloyloxybutan-2 -one in 10 mL 
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of toluene was added dropwise thereto over a period of 5 minutes. 
After the completion of the dropwise addition, stirring was 
continued for another 1 hour, and 2 0 mL of a saturated aqueous 
solution of ammonium chloride was added to stop the reaction. 
Furthermore, 10 mL of water was added, and extraction was performed 
with ethyl acetate ( 3 0 mL x 2 ) . After drying over anhydrous sodium 
sulfate, concentration was performed under reduced pressure to 
obtain 1.57 g of a crude product. A quantitative analysis was 
performed by HPLC . Thereby, the title compound was obtained in 
a yield of 94% ( ( 2S , 3R) / ( 2R, 3R) =93/7 (the diastereomeric ratio 
was measured by HPLC under the same HPLC measurement conditions 
as those in Example 19)). 

(Example 22) 

l-Chloro-2- (2 , 4-dif luorophenyl) - 3 -pivaloyloxybutan-2 -ol 

A solution of 0.41 g (2.0 mmol) of 
(R) - 1 - chloro- 3 -pivaloyloxybutan-2 -one in 5 mL of toluene was 
cooled to -20°C, and 3 . 2 mL (2.2 mmol) of a 0.69 M solution of 
2 , 4-dif luorophenylmagnesium bromide prepared by the same method 
as that in Example 3 was added dropwise thereto over a period 
of 5 minutes. After the completion of the dropwise addition, 
stirring was continued for another 1 hour, and 10 mL of a saturated 
aqueous solution of ammonium chloride was added to stop the 
reaction. Furthermore, 10 mL of water was added, and extraction 
was performed with ethyl acetate (20 mL x 2) . After drying over 
anhydrous sodium sulfate, concentration was performed under 
reduced pressure to obtain a crude product. A quantitative 
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analysis was performed by HPLC . Thereby, the title compound was 
obtained in a yield of 60% ( (2S, 3R) / (2R, 3R) = 94/6 (the 
diastereomeric ratio was measured by HPLC under the same HPLC 
measurement conditions as those in Example 19) ) . 

(Example 23) 

1, 2 -Epoxy-2 - (2 , 4 -dif luorophenyl ) butan- 3 -ol 
A solution of 0.45 g (1.4 mmol) of 
l-chloro-2- (2 , 4-dif luorophenyl) -3- (pivaloyloxy) butan-2 -ol 

( (2S, 3R) / (2R, 3R) = 93/7) ) in 3 mL of methanol was cooled to 0°C, 
and 0.33 g (1.7 mmol) of a 28% solution of NaOMe in methanol was 
added. The reaction was performed for 1 hour and at room 
temperature for another 16 hours. Then, 5 mL of water was added 
to stop the reaction, and extraction was performed with ethyl 
acetate (20 mL) . After drying over anhydrous sodium sulfate, 
concentration was performed under reduced pressure to obtain 0.31 
g of a crude product . The resulting product was purified by column 
on silica gel to obtain 0.11 g of the title compound (yield: 40%) 

( (2R, 3R) / (2S , 3R) = 96/4 (the diastereomeric ratio was measured 
by HPLC under the same HPLC measurement conditions as those in 
Example 10 ) ) . 

(Example 24) 

(R) -l-Chloro-3 - (3,4,5, 6 - tetrahydro-2H-pyran-2 -yloxy) butane- 
one 

A mixture of 9.41 g (50 mmol) of methyl 
(R) -2- (3, 4,5, 6-tetrahydro-2H-pyran-2-yloxy) propionate , 8 . 74 g 
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(75 mmol) of sodium chloroacetate, 7.53 g (75 mmol) of 
triethylamine , and 200 mL of THF was cooled in ice, and 199 g 
(300 mmol) of a 1 • 6 M solution of tert -butylmagnesium chloride 
was added dropwise thereto over a period of 2 hours. After the 
5 completion of the dropwise addition, the reaction was performed 
at room temperature for another 2 hours, and the reaction solution 
was cooled in ice again. Then, 50 mL of water was added thereto, 
and subsequently 10 0 mL of ethyl acetate was added. Furthermore, 
10% hydrochloric acid was added in such a manner that the pH was 

10 6.0. After stirring was performed at room temperature for 1 hour, 
the resulting organic layer was separated, dried over anhydrous 
sodium sulfate , and concentrated under reduced pressure to obtain 
9.81 g of a crude product. The resulting product was purified 
by column on silica gel to obtain 6.79 g of the title compound 

15 (yield: 73%). 1 H-NMR (400 MHz, CDC1 3 ) 5: 1.35 (d, 3H, J = 6.6 
Hz), 1.50-1.55 (m, 4H) , 1.80-1.84 (m, 3H) , 3.42-3.53 (m, 1H) , 
3.83-3.96 (m, 1H) , 4.24 (q, 1H, J = 6.8 Hz), 5.58 (m, 2H) . 

(Example 25) 

20 l-Chloro-2- (2 , 4 -dif luorophenyl ) -3- (3 , 4 , 5, 6-tetrahydro-2H-pyr 
an-2 -yloxy) butan-2 -ol 

A solution of 0.413 g (2.0 mmol) of 
(R) -l-chloro-3- (3,4,5, 6 - tetrahydro-2H-pyran-2 -yloxy) butan-2 - 
one in 5 mL of THF was cooled to 0°C, and 2 . 7 mL (2.2 mmol) of 

25 a 0 . 81 M solution of 2 , 4 - dif luoropheny lmagne s ium bromide prepared 
by the same method as that in Example 3 was added dropwise thereto 
over a period of 5 minutes. After the completion of the dropwise 
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addition, stirring was continued for another 2 hours, and 10 mL 
of a saturated aqueous solution of ammonium chloride was added 
to stop the reaction. Furthermore, 10 mL of water was added, 
and extraction was performed with ethyl acetate (20mLx2) . After 
5 drying over anhydrous sodium sulfate , concentration was performed 
under reduced pressure to obtain 0.634 g of colorless oil. The 
resulting oil was purified by column on silica gel to obtain 0 . 51 
g of the title compound (yield: 79%) ( (2R, 3R) / (2S , 3R) = 82/18 
(the diastereomeric ratio was measured by HPLC; HPLC conditions, 
10 column: YMC-A302 manufactured by YMC Co. Ltd., mobile phase: 
acetonitrile/20 mM (potassium) phosphate buffer solution (pH = 
2.5) = 6/4, flow rate: 1.0 mL/min, column temperature: 30 °C, 
detector: UV 210 nm, retention time: 15 and 17 minutes (2R,3R) , 
19 and 22 minutes (2S,3R))). 1 H - NMR (400 MHz, CDC1 3 ) (2R,3R) 5: 
15 0.87-1.86 (m, 1 OH), 3. 43-3. 45 (m, 1H), 3.81-4.39 (m,4H), 6.77-6.80 
(m, 1H), 6.91-6.93 (m, 1H), 7.69-7.71 (m, 1H) ; (2S, 3R) 5: 0.95-1.85 
(m, 10H) , 3.42-3.55 (m, 1H) , 3.85-4.95 (m, 4H) , 6.77-6.80 (m, 
1H) , 6.91-6.93 (m, 1H) , 7.69-7.71 (m, 1H) . 

20 (Example 26) 

(2R, 3R) - l-Chloro-2 - (2 , 4 -dif luorophenyl ) butane-2 , 3-diol 

A mixed solution of 0.15 g (0.47 mmol) of 
(2R, 3R) -l-chloro-2- (2 , 4 -dif luorophenyl ) -3- (3,4,5, 6-tetrahydr 
o-2H-pyran-2 -yloxy) butan-2 -ol , 5 mL of methanol, and 0.02 g of 

25 p- toluenesulf onic acid monohydrate was stirred at room 

temperature for 30 minutes. Concentration was performed under 
reducedpressure to obtain a crude product . The resulting product 
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was purified by column on silica gel to obtain 0 . 12 g of the title 
compound (yield: 97%) . 

(Example 27) 

5 (2S, 3R) -1 , 2 -Epoxy-2- (2, 4 -dif luorophenyl ) butan- 3 -ol 
A solution of 1.00 g (4.23 mmol) of 
(2R, 3R) -l-chloro-2- (2 , 4 -dif luorophenyl) but ane-2 , 3-diol in 8 mL 
of methanol was cooled in ice, and 0.91 g (4.65 mmol) of a 28% 
solution of NaOMe in methanol was added thereto. The reaction 

10 was performed for 2 hours, and 10 mL of water was added to stop 
the reaction. Then, extraction was performed with 20 mL of ethyl 
acetate. After drying over anhydrous sodium sulfate, 
concentration was performed under reduced pressure to obtain a 
crude product. The product was quantitatively analyzed by HPLC 

15 (under the same HPLC measurement conditions as those in Example 
10) . The title compound was obtained in a yield of 97%. ^-H-NMR 
(4 00 MHz, CDC1 3 ) 5: 1.19 (d, 3H, J=6.3Hz), 2.22 (s, 1H), 2.91 
(d, 1H, J = 4.9 Hz), 3.28 (d, 1H, J = 4.9 Hz), 4.11 (d, 1H, J 
= 6.3 Hz), 6.80-6.91 (m, 2H) , 7.34-7.39 (m, 1H) . 

20 

(Example 28) 
(R) -l-Chloro-3- (tert-butyloxy) butan-2-one 

A mixture of 8.0 0 g (50 mmol) of methyl 
(R) -2 - (tert-butyloxy) propionate , 8.74 g (75 mmol) of sodium 
25 chloroacetate , 7.53 g (75 mmol) of triethylamine , and 200 mL of 
THF was cooled in ice, and 93.8 g (150 mmol) of a 1 . 6 M solution 
of tert-butylmagnesium chloride was added dropwise thereto over 
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aperiodof 2 hours. After the completion of the dropwise addition, 
the reaction was performed at room temperature for another 2 hours , 
the reaction solution was cooled in ice again. Then, 20 mL of 
concentrated hydrochloric acid was added thereto, and 
5 subsequently 100 mL of ethyl acetate was added. Stirring was 
performed at room temperature for 1 hour. Then, the resulting 
organic layer was separated, dried over anhydrous sodium sulfate, 
and concentrated under reduced pressure to obtain 7.35 g of a 
crude product. The resulting product was purified by column on 
10 silica gel to obtain 6.66 g of the title compound (yield: 80%) . 
1 H-NMR (400 MHz, CDC1 3 ) 6: 1.21 (s, 9H) , 1.35 (d, 3H, J = 6.6 Hz) , 
4.20 (q, 1H, J = 6.6 Hz), 5.50 (s, 2H) . 

(Example 29) 

15 l-Chloro-2- (2 , 5-dif luorophenyl ) -3 -pivaloyloxybutan-2 -ol 
A solution of 2 , 5 -dif luoropheny lmagne s ium bromide 
prepared from 5.79 g (30.0 mmol) of 2 , 5 -dif luorobromobenzene and 
0.759 g (31.2 mmol) of magnesium by the same method as that in 
Example 3 was cooled to 0°C, and a solution of 3.10 g (15 . 0 mmol) 

20 of (R) -l-chloro-3 -pivaloyloxybutan- 2 -one in 15 mL of toluene was 
added dropwise thereto. After the completion of the dropwise 
addition, stirring was continued for another 1 hour, and 10 mL 
of a saturated aqueous solution of ammonium chloride was added 
to stop the reaction. Furthermore, 10 mL of water was added, 

25 and extraction was performed with ethyl acetate (20mLx2). After 
drying over anhydrous sodium sulfate , concentration was performed 
under reduced pressure to obtain a crude product . A quantitative 
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analysis was performed by HPLC. Thereby, the title compound was 
obtained in a yield of 63% ( (2S, 3R) / (2R, 3R) =94/6) (HPLC, column: 
YMC-A302 manufactured by YMC Co. Ltd., mobile phase: 
acetonitrile/20 mM (potassium) phosphate buffer solution (pH = 
5 2.5) = 6/4, flow rate: 1.0 mL/min, column temperature: 30°C, 
detector: UV 210 nm, retention time: 17.0 minutes (2S,3R), 13 

minutes (2R,3R)). X H-NMR (400 MHz, CDC1 3 ) (2S,3R) 8: 1.07 (d, 
3H, J = 6.3 Hz), 1.24 (s, 9H) , 3.86 (d, 1H, J = 11.5 Hz), 4.20 
(d, 1H, 11.5 Hz), 5.42 (q, 1H, J = 6.3 Hz), 7.00-7.03 (m, 2H) , 
10 7.40-7.44 (m, 1H) ; (2R,3R) 8: 1.03 (s, 9H) , 1.58 (d, 3H, J = 6.3 
Hz), 3.91 (d, 1H, J = 11.5 Hz), 4.28 (d, 1H, 11.5 Hz), 5.31 (q, 
1H, J = 6.3 Hz), 6.99-7.02 (m, 2H) , 7.26-7.37 (m, 1H) . 

(Example 30) 

15 1 , 2 -Epoxy-2 - (2 , 5 -dif luorophenyl ) butan-3 -ol 
A solution of 1.70 g (5.3 mmol) of 
l-chloro-2 - (2 , 5 -dif luorophenyl ) -3 - (pivaloyloxy) but an- 2 -ol 
( (2S, 3R) / (2R, 3R) = 94/6) in 20 mL of THF was cooled to 0°C, and 
3 . 5 g (17.8 mmol ) of a 28% solution of NaOMe in methanol was added 

20 thereto. The reaction was performed for 5 hours, and 2 0 mL of 
1 M hydrochloric acid was added to stop the reaction. Then, 
extraction was performed with ethyl acetate (30 mL) . After drying 
over anhydrous sodium sulfate, concentration was performed under 
reducedpressure to obtain 1 . 51 g of a crude product . The resulting 

25 product was purified by column on silica gel to obtain 0.83 8 g 
of the title compound (yield: 79%) ( (2R, 3R) / (2S , 3R) = 98/2 (the 
diastereomeric ratio was measured by HPLC under the same HPLC 
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measurement conditions as those in Example 10 , (2R, 3R) 32 minutes, 
(2S,3R) 3 0 minutes) . 1 H-NMR (400 MHz, CDCl 3 ) (2R,3R) 8: 1.70 (d, 
3H, J = 6.6 Hz), 2.80 (d, 1H, J = 5.1 Hz), 3.34 (d, 1H, J = 5.1 
Hz), 4.17 (q, 1H, 6.6 Hz), 6.98-7.00 (m, 2H) , 7.14-7.26 (m, 1H) . 

5 

(Example 31) 

l-Chloro-2- (2 , 4 -dif luorophenyl) -3- ( tert -butyloxy) butan-2 -ol 

A solution of 0.385 g (2.0 mmol) of 
(R) - 1 - chloro - 3 - ( tert -butyloxy ) butan-2 - one in 5 mL of THF was 

10 cooled to 0°C, and 3.3 mL (2.2 mmol) of a 0.68 M solution of 
2 , 4 -dif luoropheny lmagne s ium bromide prepared by the same method 
as that in Example 3 was added dropwise thereto over a period 
of 5 minutes. After the completion of the dropwise addition, 
stirring was continued for another 1 hour, and 10 mL of a saturated 

15 aqueous solution of ammonium chloride was added to stop the 

reaction. Furthermore, 10 mL of water was added, and extraction 
was performed with ethyl acetate (20 mL x 2) . After drying over 
anhydrous sodium sulfate, and concentration was performed under 
reduced pressure to obtain 0.489 g of an oil. The resulting oil 

20 was purified by column on silica gel to obtain 0.34 g of the title 
compound (yield: 58%) ( ( 2S , 3R) / ( 2R, 3R) = 59/41) (the 
diastereomeric ratio was measured by HPLC; HPLC conditions, 
column: YMC-A302 manufactured by YMC Co. Ltd., mobile phase: 
acetonitrile/20 mM (potassium) phosphate buffer solution (pH = 

25 2.5) = 6/4, flow rate: 1.0 mL/min, column temperature: 30°C, 
detector: UV210nm, retention time : 8 minutes (2R,3R), 9 minutes 
(2S,3R) ) . 1 H-NMR (4 00 MHz, CDC1 3 ) 5: 1.15-1.48 (m, 12H) , 3.55-4.31 
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(m, 3H) , 6.77-6.80 (m, 1H) , 6.91-6.93 (m, 1H) , 7.69-7.71 (m, 1H) . 
(Example 32) 

(2R,3S) -2- (2 , 4-Dif luorophenyl) -3-methyl-2- [ ( 1H- 1 , 2 , 4 - triazol 
-1-yl) methyl] oxirane 

First, 0.21 g (5.10 mmol) of sodium hydride (60% content) 
was suspended in 3 mL of DMF, and the resulting suspension was 
cooled in ice. A solution of 0.53 g (2.19 mmol) of 
(2R, 3R) -l-chloro-2- (2 , 4 -dif luorophenyl) butane-2 , 3-diol in 5 mL 
of DMF was added thereto, and stirring was performed for 1 hour. 
A solution of 0.64 g (2.85 mmol) of 

1- (p-toluenesulf onyl) -1 , 2 , 4 -triazole and 0.06 g (0.88 mmol) of 
triazole in 3 mL of DMF was added, and the reaction solution was 
stirred at 60°C for 3 hours. Then, the resulting solution was 
cooled to room temperature, and 10 mL of water was added to stop 
the reaction. The resulting product was extracted with ethyl 
acetate (20mLx2), and concentration was performed under reduced 
pressure. A quantitative analysis was performed by HPLC . 
Thereby, the title compound was obtained in a yield of 43% (HPLC 
conditions, column: CAPCELL PAK C18 TYPE MG manufactured by 
Shiseido Co. Ltd., mobile phase: acetonitrile/2 0 mM (potassium) 
phosphate buff er solution (pH = 2.5) =2/8, flow rate: l.OmL/min, 
column temperature: 30 °C, detector: UV 210 nm, retention time: 
37 minutes) . 1 H-NMR (400 MHz, CDC1 3 ) 5: 1.64 (d, 3H, J - 5.6 Hz) , 
3.19 (q, 1H, J = 5.6 Hz), 4.42 (d, 1H, J = 14.6 Hz), 4.87 (d, 
1H, J = 14. 6 Hz), 6.69-6.80 (m, 2H), 6. 98-7. 03 (m, 1H), 7.81 (s, 
1H) , 7 . 98 (s, 1H) . 
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(Example 33) 

3 , 4 -Epoxy- 3 - (2 , 5 -dif luorophenyl ) -2-methylbutan-l-ol 
A solution of 0.66 g (3.0 mmol) of 
5 (S) -l-chloro-3 -methyl-4 -pivaloyloxybutan-2 -one in 4 mL of THF 
was cooled to 0°C / and 3 . 9 mL (3.3 mmol) of a 0.86 M solution 
of 2 , 5-dif luorophenylmagnesium bromide prepared by the same 
method as that in Example 3 was added dropwise thereto over a 
periodof 5 minutes . After the completionof the dropwise addition, 

10 stirring was continued for another 1 hour, 10 mL of a saturated 
aqueous solution of ammonium chloride was added to stop the 
reaction. Furthermore, 10 mL of water was added, and extraction 
was performed with ethyl acetate (20 mL x 2) . After drying over 
anhydrous sodium sulfate, concentration was performed under 

15 reducedpressure to obtain a crude product . The resulting product 
was purified by column on silica gel to obtain 0.50 g of 

1- chloro-2- (2 , 5-dif luorophenyl) - 3 -methyl -4 -pivaloyloxybutan- 

2- ol as a diastereomeric mixture (yield: 50%) ( (2S , 3S) : (2R, 3S) 
= 72:28) (HPLC, column: YMC-A302 manufactured by YMC Co. Ltd., 

20 mobile phase: acetonitrile/2 0 mM (potassium) phosphate buffer 
solution (pH =2.5) = 6/4, flow rate: 1.0 mL/min, column 
temperature: 3 0°C / detector: UV210nm, retention time : 18 minutes 
(2S,3S), 20 minutes (2R,3S)). The resulting compound was 
dissolved in 10 mL of THF, and 1 . 02 g (5.25 mmol) of a 28% solution 

25 of NaOMe in methanol was added thereto under ice cooling. The 
reaction was performed for 5 hours. A reaction product was 
extracted with ethyl acetate (10 mL x 2) . After drying over 
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anhydrous sodium sulfate, concentration was performed under 
reduced pressure to obtain a crude product . The resulting product 
was purified by column on silica gel to obtain 0 . 28 g of the title 
compound (yield: 88%) (HPLC, column :■ YMC -A3 0 2 manufactured by 
5 YMC Co. Ltd., mobile phase: acetonitrile/20 mM (potassium) 

phosphate buff er solution (pH = 2.5) =3/7, flow rate: l.OmL/min, 
column temperature: 30°C, detector: UV 210 nm, retention time: 
17 minutes (2R,3S), 18 minutes (2S,3S)). 1 H - NMR (400 MHz, CDC1 3 ) 
(2R,3S) 5: 0.97 (d, 3H, J = 6.6 Hz), 2.25 (q, 1H, J = 6.6 Hz), 
10 2.88 (d, 1H, J = 4.4Hz), 3.21 (d, 1H, J=4.4Hz), 3.51 (d, 2H, 
J = 6.1 Hz), 6.99-7.01 (m, 2H) , 7.13-7.17 (m, 1H) ; (2S,3S) 5: 
1.27 (d, 3H, J = 6.6 Hz), 2. 14 (q, 1H, J = 6.6 Hz), 2. 83 (d, 2H, 
J = 4.4 Hz), 3 . 17 (d, 1H, J = 4.4Hz), 3.60 (d, 2H, J = 5.9 Hz), 
6.99-7.01 (m, 2H) , 7.13-7.17 (m, 1H) . 

15 

(Example 34) 

3 - (2 , 5-Dif luorophenyl ) -2 -methyl -4 - [1- (1,2, 4 - triazolyl ) ] -1 , 3 - 
butanediol 

The reaction of 0.44 g (2.1 mmol) of 

20 3 , 4-epoxy-3- (2 , 5 -dif luorophenyl) -2-methylbutan-l-ol 

( (2S, 3S) : (2R, 3S) = 72:28), 0.21 g (3.0 mmol) of 1 , 2 , 4 - triazole , 
0.83 g (6.0 mmol) of potassium carbonate, and 10 mL of DMSO was 
performed at 80 °C for 2 hours. A reaction product was extracted 
with ethyl acetate (10mLx2) . After drying over anhydrous sodium 

25 sulfate, concentration was performed under reduced pressure to 
obtain a crude product. The resulting product was purified by 
column on silica gel to obtain 0.49 g of the title compound (yield : 
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83%) ( (2S, 3S) / (2R, 3S) = 70/30) (HPLC, column: YMC-A302 
manufactured by YMC Co. Ltd., mobile phase: acetonitrile/20 mM 

(potassium) phosphate buff er solution CpH = 2.5) =3/7, flow rate: 
1.0 mL/min, column temperature: 30°C / detector: UV 210 nm, 
5 retention time: 6 minutes (23,3s), 8 minutes (2R,3S)). 1 H-NMR 

(400 MHz, CDC1 3 ) (2S,3S) 6: 1.36 (d, 3H, J = 6.8 Hz), 2.36-2.42 

(m, 2H) , 3.48-3.57 (m, 2H) , 4.56 (d, 1H, J = 13.9 Hz) , 4.8 7 (d, 
2H, J = 13 . 9 Hz) , 5 . 19 (s, 1H) , 6.85-6.97 (m, 2H) , 7 . 12-7 . 17 (m, 
1H), 7,26 (s, 1H), 7.90 (s, 1H); (2R,3S) 5: 0.86 (d, 3H, J = 7.1 
10 Hz), 2.35-2.37 (m, 1H) , 3.51-3.54 (1H, brs), 3.84 (t, 1H, J= 
5.6 Hz), 4.0 (d, 1H, J = 11.2 Hz), 4.77 (d, 1H, J =1 4.1 Hz), 
4. 98 (d, 1H, J = 2 . 14 (q, 1H, J = 6.6 Hz), 5.37 (s, 1H), 6.85-6.97 

(m, 2H) , 7.12-7.17 (m, 1H) , 7,26 (s, 1H) , 7.90 (s, 1H) . 

15 (Production Example 1) 

(2R, 3S) -2- (2 , 4-Dif luorophenyl) -3 -methyl -2- [ (1H-1, 2 , 4-triazol 
-1-yl) methyl] oxirane 

A solution of 0.25 g (1.25 mmol) of 
(2R, 3R) -1 , 2-epoxy-2- (2 , 4 -dif luorophenyl ) butan-3-ol 

20 ( (2R, 3R) / (2S, 3R) = 90/l0)/0.19 mL (1.37 mmol) of 

trie;thylamine/2 . 5 mL of methylene chloride was cooled in ice, 
and 0.11 mL (1.37 mmol) of methanesulf onyl chloride was added 
thereto. The reaction was performed for 2 hours, and 10 mL of 
a saturated aqueous solution of sodium hydrogencarbonate was added 

25 to stop the reaction. Extract ion was performed with ethyl acetate 
(2 0 mL x 2) . After drying over anhydrous sodium sulfate, 
concentration was performed under reduced pressure to obtain 0.35 
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g of an oil. 

Next, 0.13 g (3.55 mmol) of sodium hydride (6 0% content) 
was suspended in 1 mL of DMF, and the resulting suspension was 
cooled in ice. Then, a solution of 0 . 29 g (4.15 mmol) of triazole 
5 in 3 mL of DMF was added thereto, and the reaction was performed 
for 1.5 hours. A solution of 0.35 g of the above-described oil 
in 3 mL of DMF was added thereto, and the reaction was performed 
at room temperature for 2 hours and then at 50°C for 3.5 hours. 
Then, 5 mL of a saturated aqueous solution of ammonium chloride 

10 was added to stop the reaction, and extraction was performed with 
3 0 mL of toluene. After drying over anhydrous sodium sulfate, 
concentration was performed under reducedpressure to obtain 0.284 
g of yellow crystals . The result ing product was purif iedby column 
on silica gel to obtain 0.189 g of the title compound as white 

15 crystals (yield: 63%) ( (2R, 3S) / (2S , 3S) = 90/10 (the 

diastereomeric ratio was measured by HPLC; HPLC conditions, 
column: CAPCELL PAK C18 TYPE MG manufactured by Shiseido Co . Ltd., 
mobile phase: acetonitrile/2 0 mM (potassium) phosphate buffer 
solution (pH =2.5) = 2/8, flow rate: 1.0 mL/min, column 

20 temperature: 30°C, detector: UV210nm, retention time : 37 minutes 
(2R,3S), 41 minutes (2S,3S))). 

Next, 0.170 g of the white crystals was suspended in 2 
mL of hexane, and ethyl acetate was gradually added until the 
crystals were completely dissolved at 50°C. The resulting 

25 solution was left to cool to room temperature, and stirring was 
continued for 3 hours. Precipitated white crystals were 
filtrated to obtain the (2R,3S) diastereomer (0.07 g) . 
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(Production Example 2) 
(2R,3S) -2- (2, 4-dif luorophenyl) -3 -methyl -2- [ ( 1H- 1 , 2 , 4 - triazol 
- 1-yl ) methyl] oxirane 
5 A solution of 18.0 g (90.0 mmol) of 

(2R, 3R) -1, 2-epoxy-2- (2, 4 -dif luorophenyl ) butan- 3 -ol 
( (2R, 3R) / (2S, 3R) = 93/7) /10 . 9 g (108 mmol) of triethylamine/150 
mL of toluene was cooled in ice, and 12.4 g (108 mmol) of 
methanesulf onyl chloride was added. The reaction was performed 

10 for 2 hours. Then, 3 0 mL of water was added, and subsequently 
50 mL of 5% aqueous solution of potassium hydroxide was added 
to stop the reaction. The organic phase was separated, dried 
over anhydrous sodium sulfate, and concentrated under reduced 
pressure to obtain 32.07 g of an oil. 

15 A mixture of 4.2 g (21.6 mmol) of a 28% solution of NaOMe 

in methanol, 1.5 g (21.6 mmol) of triazole, and 16 mL of DMF was 
stirred at room temperature for 1 hour, and a solution of 5.0 
g (18.0 mmol) of the above-described mesylate in 19 mL of DMF 
was added thereto at a time. The reaction was performed at 60 °C 

20 for 7 hours. The resulting reaction solution was cooled to 0°C, 
and 90 mL of water was added dropwise to stop the reaction. Then, 
90 mL of toluene was added. The organic phase was separated, 
and the aqueous phase was extracted with 90 mL of toluene again. 
The resulting toluene phases were combined, washed with 90 mL 

25 of water, dried over anhydrous sodium sulfate, and concentrated 
under reduced pressure to obtain 4 . 776 g of yellow crystals . The 
resulting compound was analyzed by HPLC. Thereby, 3 . 17 g of the 
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title compound was obtained (yield: 71%) ( (2R, 3S) / (2S , 3S) =92/8 
(the diastereomeric ratio was measured by HPLC; HPLC conditions, 

column: CAPCELL PAK C18 TYPE MG manufactured by Shiseido Co . Ltd., 

mobile phase: acetonitrile/20 mM (potassium) phosphate buffer 
5 solution (pH =2.5) = 2/8, flow rate: 1.0 mL/min, column 

temperature: 30°C, detector: UV210 nm, retention time : 37minutes 
(2R,3S), 41 minutes (2S,3S)). 

(Production Example 3) 

10 (2R,3S) -2- (2 , 5-Dif luorophenyl) -3-methyl-2- [ ( 1H- 1 , 2 , 4 - triazol 
-1-yl) methyl] oxirane 

A solution of 27.2 g (135.7 mmol) of 
(2R, 3R) -1, 2-epoxy-2- (2 , 5 -dif luorophenyl ) but an- 3 - ol 
( (2R, 3R) / (2S, 3R) = 93/7) /17 . 9 g (176 . 4 mmol) of triethylamine/2 2 5 

15 mL of toluene was cooled in ice, and 20.3 g (176.4 mmol) of 

methanesulf onyl chloride was added thereto. The reaction was 
performed 2 hours. Then, 4 6 mL of water was added thereto, and 
subsequently 80 mL of a 5% aqueous solution of potassium hydroxide 
was added to stop the reaction. The organic phase was separated, 

20 dried over anhydrous sodium sulfate, and concentrated under 
reduced pressure to obtain 47.9 g of an oil. 

A mixture of 29 . 8 g (154.5 mmol) of a 28% solution of NaOMe 
in methanol, 10.7 g (154.5 mmol) of triazole, and 111 mL of DMF 
was stirred at room temperature for 1 hour, and a solution of 

25 47.9 g of the above-described crude mesylate in 134 mL of DMF 
was added at a time. The reaction was performed at 60 °C for 4 
hours. Then, the resulting reaction solution was cooled to 0°C, 
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and 6 50 mL of water was added dropwise to stop the reaction . Next , 
900 mL of toluene was added, and the organic phase was separated. 
The aqueous phase was extracted with 900 mL of toluene again. 
The resulting toluene phases were combined, washed with 650 mL 
5 of water, dried over anhydrous sodium sulfate, and concentrated 
under reduced pressure to obtain 34.3 g of yellow crystals. The 
resulting compound was analyzed by HPLC . Thereby, 26.4 g of the 
title compound was obtained (yield: 82%) ( (2R, 3S) / (2S , 3S) =93/7 
(the diastereomeric ratio was measured by HPLC; HPLC conditions, 

10 column: CAPCELL PAK C18 TYPE MG manufactured by Shiseido Co . Ltd., 
mobile phase: acetonitrile/2 0 mM (potassium) phosphate buffer 
solution (pH =2.5) = 3/7, flow rate: 1.0 mL/min, column 
temperature: 30°C, detector : UV 210 nm, retention time : 14 minutes 
(2R,3S), 15 minutes ( 2 S , 3 S ) ) ) . 1 H - NMR (400 MHz, CDC1 3 ) 6: 1.64 

15 (d, 3H, J = 5.6 Hz), 3.20 (q, 1H, J = 5.6 Hz), 4.42 (d, 1H, J 
= 14. 6 Hz), 4.97 (d, 1H, J = 14 . 6 Hz) , 6.76-6.80 (m, 1H), 6.91-6.99 
(m, 2H) , 7.83 (s, 1H) , 7.98 (s, 1H) . 



(Production Example 4) 
20 (2R, 3S) -3- (tert-Butyldimethylsilyloxy) -2- (2 , 4 -dif luorophenyl 
) -1- (lH-l,2 / 4-triazol-l-yl)butan-2-ol 

To a solution of 0.22 g (5.4 mmol) of sodium hydride (6 0% 
content) in 3 mL of DMF was added 0.3 7 g (5.4 mmol) of triazole . 
Furthermore, a solution of 0.63 g (1.8 mmol) of 
25 (2R, 3S) -l-chloro-2- (2 , 4 -dif luorophenyl ) -3- (tert-butyldimethy 
Isilyloxy) butan-2 -ol in 10 mL of DMF was added thereto. The 
resulting reaction mixture was stirred at room temperature for 
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2 hours and then at 50 °C for 12 hours. Next, 10 mL of water was 
added to stop the reaction, and extraction was performed with 
ethyl acetate (30 mL) . After drying over anhydrous sodium sulfate , 
concentration was performed under reduced pressure to obtain a 
5 crude product. The resulting product was purified by column on 
silica gel to obtain 0.18 g of the title compound (yield: 25%) . 
1 H-NMR (400 MHz, CDC1 3 ) 6: 0.22 (s, 6H) , 0.97 (s, 12H) , 4.42 (dq, 
1H, J = 5.9, 1.2 Hz), 4.54 (d, 1H, J = 1.4 Hz), 4.81 (d, 1H, J 
=1.4 Hz), 6.67-6.78 (m, 2H) , 7.32-7.38 (m, 1H) , 7.71 (s, 1H) , 

10 7 . 96 (s, 1H) . 

(Production Example 5) 
(2R,3S) -2- (2, 4-Dif luorophenyl) - 
1- (1H-1, 2, 4-triazol-l-yl)butane-2 , 3-diol 
To a solution of 0.10 g of 

15 (2R, 3S) -3- ( tert-butyldimethylsilyloxy) -2- (2 , 4 -dif luorophenyl 
) -1- (lH-l,2,4-triazol-l-yl)butan-2-ol in 1 mL of THF was added 
0.3 mL of TBAF (1 M) at room temperature. Stirring was performed 
at room temperature for 3.5 hours, and 5 mL of water was added 
thereto. Then, extraction was performed with ethyl acetate (30 

20 mL) . After drying over anhydrous sodium sulfate, concentration 
was performed under reduced pressure to obtain a crude product. 
The resulting product was purified by column on silica gel to 
obtain 0.61 g of the title compound (yield: 87%). 1 H-NMR (400 
MHz, CDC1 3 ) 6: 0.97 (d, 3H, J = 6.3 Hz), 4.31 (q, 1H, J = 6.3 

25 Hz), 4.79-4.82 (m, 2H) , 6.67-6.81 (m, 2H) , 7.32-7.38 (m, 1H) , 
7 . 72 (S, 1H) , 7 . 93 (s, 1H) . 
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Industrial Applicability 

An intermediate for a triazole antifungal agent can be 
produced by an industrially safe process that can be easily 
operated from inexpensively available materials. Furthermore, 
an optically active epoxy alcohol derivative useful as an 
intermediate for, for example, pharmaceuticals such as an 
antifungal agent can be produced. In addition, an optically 
active halohydrin derivative serving as an important intermediate 
for the epoxy alcohol derivative can be provided. 



